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~CTIOrJ OHE Tifl'.fWDUCTlOJ.~ - T.tW; NEED FOR STANDARDlZKl'ION 
1.1 Characteristics or the ~1Lectronic Gomponents Industry Affecting 
Standardization 
'lhe electronics industry as contrasted with many other :impor-
tant inaustries is relatively new and immature. ~he finns maKing up the 
industry have mostly come into existence during the last thirty years or 
less and the industry has achieved real prominence only since World War 
II. Industry sales at the manufacturer's level have grown from less 
than ;i2.6 billion in 1950 to $9.5 billion in 1959. 1960 sales are esti-
mated at $10.4 billion.1 
Success in any business in any industry is based on a variety 
of factors. However, in electronics it is clear that, much more than in 
older industries, it is the engineering innovation of one or a few men 
that is the one most influential factor. Raytheon Company, now one of 
the country's largest electronics producers owes much of its success to 
one invention - the laminated construction of the magnetron tube by 
Dr. Percy Spencer. Similarly, Transitron and Texas Instruments, small 
companies starting out in the brand-new semiconductor field have reached 
tremendous success because of engineering achievement. 
The importance of the engineering factor may be largely respon-
sible for the pattern of growth which the industry has experienced. It 
is often observed that real innovators prefer to operate in a climate of 
their own making and to~ we see that small highly specialized companies 
founded by engineers make up a large portion of the industry. In 1958, 
96.6% of the manufacturers in the electronic components industry 
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(excluding vacuum tube makers) had less than 500 employees and the sales 
of these smaller firms made up 66.5% of the industry's total sales.~!-
This effect is even more pronounced in certain technically advanced areas. 
For example, the $60 million precision potentiometer market is divided 
between more than thirty companies, only one of Which sells over $6 mil-
lion per year. 3 
As products are developed and as larger markets emerge, there 
is some tendency for the business to be taken over by larger firms. Con-
sumer products are indicative of this effect. For example, ?men televi-
sion was first introduced there were dozens of competitors, but todar 
less than ten are of any importance. 
1.2 The Prevalence of Nonstandardization 
In any new industry it is unavoidable that initially, different 
producers will produce dissimilar products even though the products' ap-
plications may be identical. Likewise, it is unavoidable that the same 
producer will initially design each new product with little regard for 
others he has made. 
These effects occur for three reasons. First, there is little 
communication between manufacturers in the early stages of the industry 
before the establishment of industry-wide associations of manufacturers. 
Communication is a problem within any business and the new concern is 
probably unlikely to recognize or emphasize its importance. ~cond, in 
its eagerness to obtain orders, the new concern is apt to sell on the 
basis of willingness to be completely cooperative as to product 
*Refer to Appendix VI for derivation and source of these figures. 
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specifications. It provides little product literature to guide the pros-
pect who simply selects his specifications, within the limits of his re-
quirement, at random. Third, engineers as a group have a strong tendency 
to try to make each product just a little better or at least somewhat 
different from each other product. This tendency is vi tal to development 
of totally new products, but it may, if not controlled, also create un-
justified product dissimilarity. All of these three factors are influ-
ential in causing nonstandardized product lines. 
The nature of much of the industry, being made up of a large 
number of small companies, while not a cause of nonstandardization, is a 
primary reason for its continuance. For the small manufacturer there is 
little incentive to try to enforce standardization. Production runs are 
short, generally each run being a custom job for a specific customer. 
Because he is producing for only a few customers at a time his chances 
of finding two customers vd th requirements similar enough to allow a sin-
gle design are small. Even if he persuaded two of his customers to buy 
identical products, his run would still be too small to provide impor-
tant economies. 
The small manufacturer is able to use his inate flexibility to 
advantage in two w~s. First, by offering completely custom building, 
he appears cooperative in the eyes of his customer. Second, by design-
ing a special product which barely meets the requirements of his customer, 
he produces the least expensive adequate product. It should be recognized, 
however, that this unit is least expensive only v1hen compared with other 
designs built in the same quantity. It is entirely possible that a 
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product meeting more difficult specifications might be less expensive if 
built in larger quantity. 
'rhe forces which have been described have been extremely ef-
fective in the electronic components industry. Consider for example, 
the electronic transformer business, one of the most extreme cases of 
lack of standardization. The transformer industry, whose total sales in 
1959 are reported to be $129 million, bases its business very heavily on 
custom products.h 
It is true that the larger transformer producers maintain cat-
alogs of stock items, but except. for sales in small quantities to labo-
ratories and other experimenters, they do little business in these 
products. No accurate statistics are available, but it is estimated 
that less than 5% of the industry's sales are of catalog items. 'I'he 
transformer industr,y is made up of a large number of companies including 
a few with sales above the <~~ilO million mark, but all of them are oper-
ating on the basis of custom business. The result is that even those 
with very considerable sales volume must produce in small lots and can-
not take advantage of large scale production economies. A producer ~ 
be doing $20 million in sales, but he still is forced to operate as a 
big 11 job shop''. 
The same situation prevails throughout much of the electronic 
components industry. Precision potentiometers, synchros and resolvers, 
control knobs, some types of semiconductors, and component-type power 
supplies, inverters and converters are all examples of components largely 
built to order. 
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As long as the manufacturer is producing on a small scale, he 
may well find custom producing to be the most economical course of ac-
tion. As he grows;, however, the advantages disappear and the disadvan-
tages become more important. The larger company, just because of its 
size is less flexible, less able to move rapidly according to the cus-
tomer's desire. The large company general~ has a more complicated and 
mre expensive overhead structure. The result is that as the compa.ny 
grows it finds it more and more difficult to compete with smaller firms. 
On the other hand, as long as it continues to compete on the basis of 
custom building, it ca.n..11ot achieve the economies of large scale produc-
tion. '.l.'hus the larger firm is competing in a manner favorable to smaller 
firn!.s without taking advantage of the benefits it has because of its 
larger size. The obvious conclusion is that as the company grows the 
advantages which would result from product standardization and allowing 
longer production runs become more important. 
Standardization, as opposed to custom building, depends on 
many customers' needs being met by a single product design. The preva-
lence of custom building in the electronics industry might be taken as 
an indication of a real need for a different product for each applica-
tion and so imp~ that standardization is impractical. Actually, the 
lack of standardization is more often a result of lack of encouragement 
to standardize than of any real need. Often, component specifications 
are drawn up without any reference to what has been ordered before even 
by the same company, much less any other. In fact, it often occurs that 
the component manufacturer himself makes no effort to correlate new cus-
tomer requirements with designs made previously for other customers. In 
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the absence of industry and manufacturers' standards, the precise values 
of the various parameters, i.e. voltage, current, linearity, and physical 
dimensions, are either arbitrarily chosen by the customer or selected to 
provide the least expensive custom-made product. This approach ignores 
the fact that when the requirements of several customers are combined to 
allow a larger production quantity, the cost of a higher value component 
may be less than the smallest which could have been used. 
1. 3 The Penalty for Nonstandardization 
The practice of custom building of electronic components as 
opposed to selling a standard product line may be unavoidable for the 
very small company, especially in the earliest stages of the development 
of a product area. On the other hand, as the manufacturer grows, and as 
manufacturers and customers learn more about the product area, standard-
ization becomes practical and the costs of nonstandardization continually 
increase. 
A custom product, once the customer has decided on specifica-
tions, cannot immediately be produced. Rather, engineering effort must 
be expended to turn the customer's requirements into blueprints and parts 
lists to enable the purchasing department to buy appropriate constitu-
ents and the production department to build what the customer wants. The 
costs involved are often considerable. Indeed, vW1ere production quanti-
ties are small, engineering may cost more than the whole production run. 
Appendix I shows the effect of this situation. 
The beneficial effects of standardization on manufacturing 
costs are clear. If many customers having similar requirements can be 
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induced to buy the same standard product, then production runs will be 
longer and fewer different items will be manufactured. The result will ~' 
be more opportunity for tooling and automation, less setup time, less 
operator learning time, and lower material costs. In addition to these 
contributions to direct labor savings, there are savings in indirect la-
bor. As production runs become longer, the number of requisitions and 
purchase orders placed, the amount of production scheduling work, and 
the amount of production supervision required all decrease as a function 
of total production dollars a~d units. Additional savings accrue from 
the lower necessary investment in materials inventory and the smaller 
plant area required for a few large quantity runs as opposed to many 
smaller quantity runs of slightly dissimilar products. 
Without standardization, it is still, in many cases, necessary 
to maintain finished goods inventory of most or all of the products pro-
duced. Even a custom-made component is often stocked by the component 
manufacturer for the convenience of his one customer for that item. With 
product standardization, the number of items for which stocking is re-
quired will decrease. In the case of the manufacturer who has been 
stocking most of the items he sells this results in a lower dollar value 
for total finished goods inventory because the level of inventory re-
quired to satisfy a large number of customers for a single product is 
lower than the combined levels of many products each stocked for one or 
a few customers. 
The cost of selling a custom product line is generally much 
higher than for a standardized line. The custom line salesman must be 
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far more technically competent for he must fully understand the product 
and also his company's special abilities. He must be able to advise his 
customer as to what specifications are practical and what are not and as 
to the approximate extra cost of an infinite variety of possible product 
variations. Not only must the salesman be better educated and more 
experienced and hence higher paid, he must spend more hours with each 
customer discussing product specifications and requirements. It is ver,y 
difficult and often impossible to provide sales literature or space ad-
vertising on a custom line 1"1hich will answer the custo:ner' s technical 
questions. Rather the salesman must personally find out the customer's 
requirements, advise him as to how to present those requirements and 
then submit a request for quotation to the factory. When the quotation 
arrives, he must often explain it to the customer before the buying de-
cision can be made. In many cases this is not the end, for with a cus-
tom product, the customer is free to make minor changes in his 
specifications resulting in a whole series of factor,y quotations before 
an order is placed. 
At the home office, the cost of custom quoting is very consid-
erable. '.i.'he usual process is for the salesman's or customer's request 
to be processed by an applications engineer who determines whether all 
the necessary information on the customer 1 s requirement has been furnish-
ed. The specifications then go to engineering where a design approach 
is determined. Depending on the product the engineer may be able to es-
timate material and labor required or he may have to do considerable de-
sign work. In some cases he may even actually have to design and build 
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a model. From engineering the request for quotation goes to the cost de-
partment where a cost estimator determines the product cost. The next 
step is the establishment of markup and hence selling price. This may 
be done by the sales manager or in smaller concerns even by the president 
of the company. He must consider not only his own costs, but must be 
able to predict the prices which will be quoted by his competitors if he 
is to bid successfully. At last a selling price is sent back to the 
salesman or customer. 
Appendix I, describing Rqytheon 1s Voltage Regulator product 
line gives a specific example of the costs described here. The situation 
illustrated is quite typical of the transformer business and indeed of 
the custom electronics business as a whole. 
1.4 Means of Achieving Standardization 
The process of achieving standardization is not automatic. 
Without a planned company-wide program designed to produce a standard-
ized line, the business will continue on the basis of custom quotations 
on customer's specifications and custom manufacturing to comply with the 
customer's whims and requirements. 
The job of building a standard product line in a business pre-
viously conducted on a custom basis must begin in the market place. The 
actual needs of customers must be determined and the line built around 
these needs. The task of finding out what the market needs and defining 
the product line generally falls in the domain of the product planner. 
He must produce a list of standard products including complete specifi-
cations concerning each item. His goal will be to include enough items 
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so that the actual needs of almost ever,r customer are met by one of the 
standard items, and yet stay within the requirement to have as short a 
list as possible. In other words, the line should consist of as few 
different items as possible without eliminating too many prospective 
customers. Incidentally, it will never be possible to fill the require-
rents of all customers from the standard line. There will always be 
some who must pay the extra cost of a "special" because of their unusual 
needs. The product planner, therefore, should set a target for himself 
and design his line to fill the needs of only that portion of the market. 
In the practical case, as indicated in Appendixes I, II, and III, it is 
often possible to design a line which is not unreasonably wide and yet 
covers 70 to 90 percent of the total market. 
The standard line may be designed as the only array of products 
to be offered to customers, or it may be offered along with custom de-
signed and manufactured products. If the standard line alone is offered, 
' 
the customer who must have a "special" will have to go elsewhere for it. 
This may impose an obstacle in selling the standard line, for the buyer 
will often prefer to limit the number of vendors from whom he buys in 
order to minimize paper work and secure maximum volume price advantage. 
Especially if appearance and 11 fami}3" resemblance" are factors, as in tne 
case of control knobs, the buyer will prefer one source who can supply 
all models, whether standard or custom made. This situation, along with 
the normal desire not to refuse any order, will combine to cause many 
component vendors to offer custom capabilities along with the standard 
line. 
-17-
On the other hand, the need to offer all models which may be 
required is less than it might otherwise be because of the desirability 
of "second sourcing". Since the buyer often wishes to do business with 
two or more vendors for each class of part, he may not object to dealing 
with one manufacturer for his standard requirements and another for cus·-
tom items. 
The decision as to whether to offer "~;pecials 11 along with the 
standard line must be made for each individual case. The advantages of 
being able to supply all of a custmner' s needs must be weighed against 
the extra costs present in custom work. 
After the product planner has tentatively chosen a list of 
products making up the proposed standard line, the engineering depart-
ment's work begins. If the standard line is to be economical to produce 
it must be designed on the basis of. lowest cost production consistent 
with required specifications and quality level. This means that there 
must be maximum usage of materials and parts cormnon to many items in the 
line. In addition, because the standard line will be produced in larger 
quantities than were custom products, greater attention must be paid to 
selection of lowest cost adequate materials and components. For the 
same reason, greater emphasis must be placed on design for minimum manu-
facturing labor. 
The advertising department plays an important part in achieving 
standardization. There is little point in describing, designing, and 
even producing a standard line if the market is not informed of its ex-
istence. Space advertising, clearly, will be useful in announcing the 
new line, but in most cases this is not the area in which advertising 
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e.ttort is most important. The market has been accustomed to purchasing 
the product to its own specifications and it must be convinced that there 
is something to be gained by changing to the standard line. In many 
cases the standard item will not be exactly the same as the custom item 
a particular customer may have been buying. There are probably other 
suppliers glad to furnish the identical product on a custom basis. It 
the manufacturer who is attmpeting to standardize is to be successful 
and is to keep his customer, he must coDVince the customer that he will 
be better of£ with the standard produ.ct. Generally' there are three ba-
sis on which the customer can be convinced to buy the stan..dard product. 
The first is price, the second is delivecy, and the third is specifica-
tion. Theoretically' at least, the standard line manufacturer making a 
line of selected products will make more of them and make them more of-
ten. The result, from the buyer's standli:loint should be lower prices and 
quicker deliveries. Before the customer can be sold the standard line 
he must be supplied the specifications and advantages o£ the items in 
the line. The advertising department• s task, then, is to prepare de-
scriptive literature, product data sheets, catalogs, and price sheets 
to tell the customer or prospect the characteristics of the product. 
Using this information the customer can make an intelligent decision as 
to the suitability of the standard product for his application and the 
benefits he 1Da1' derive from it. Without this material, the customer 
will continue indefinitely to order the custom item. 
The description given here o£ the means of achieving standard-
ization touches only on the general areas in which standardization effort 
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must take place. In later sections and in the Appendix the problem is 
treated in greater detail to show just how standardization can be, and 
indeed actually has been achieved. 
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dECTION TWO APPLICABILITY OF STANDARDIZATION WITHIN THE ELECTRONIC 
COMPONENTS ll~USTRY 
Although there are a wide variety of electronic components in 
use, nearly all of them are suitable to be standardized, that is, sup-
plied as a standard product rather than being built to order. .-)orne by 
necessity have been built as stock items since their introduction. Many 
more are presently being made at least partly as "specials•. It is this 
latter group with which this paper is primarily concerned. 
2.1 Products Not Requiring Standardization ~ffort 
Consider first the products which are already supplied exclu-
sively as standard items. They are in two categories. First, there are 
those which are used in such tremendous quantities that mass production 
has come almost effortlessly. This group includes ordinary half-watt 
composition resistors, paper capacitors, and carbon potentiometers. 
These products are manufactured by the million so mass production of 
standard items is unavoidable. Secondly, there are components which in-
volve unusually heavy capital e:xpenditures for each model produced. The 
common receiving electron tube is an example. Here a whole factory full 
of equipment must be designed to produce the product so custom order-
taking becomes ridiculous, particularly when the low unit value is con-
sidered. Rather, the industry is made up of a few large producers, each 
producing a standard line. To simplify production further, each manu-
facturer makes only part of his line, buying the remainder, stamped with 
his brand, from his competitors. 
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2.2 Products Suitable for Standardization 
The group of components which are candidates for future stand-
ardization is much larger in terms of numbers of kinds of items. Certain 
general characteristics of such products are these: First, the product 
lllllst enjoy a market large enough to provide an opportunity for fairly 
large scale production. Obviously there is little point in standardiz-
ing a product of which only a few are sold. Second, the product mu.st 
have several design variables. Otherwise, standardization will have 
come automatically. Third, there must be significant costs involved in 
product design and production change-over £rom model to model. Other-
wise, standardization brings only minor cost savings. 
There will always be s<>me applications demanding a product 
different from the standard. For example, i1' a peculiar lamp has been 
designed to work on some unusual voltage, the transformer supplying its 
po119r mst be designed to provide the same wl tage. In this case a 
standard transformer might not be usable. However, if the transformer 
industry were highly standardized, the designer probably would have de-
signed the lamp to work on a standard transformer voltage. The result, 
then, is that standardization breeds standardization. Nevertheless, 
there wUl probably always be some components which simply must be bought 
in in-between sizes. This does not mean that these whole product cate-
gories are not sui table for standardization. It merely means that in 
addition to the standard line the industry DD1St produce a few custom 
products. 
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This paper is pri."llarily concerned with components, that is in-
dividual integral elements used to make up a circuit. Each component by 
itself performs no useful function, but 'When combined with others in an 
electronic circuit or group of circuits, a useful device can result. 
Such a device is generally classed as an "equipment". For example, tubes, 
transistors, capacitors, resistors and control knobs are all components. 
A suitable combination of these and other components with appropriate 
electrical interconnections and mechanical mountings will produce a radio 
transmitter, a typical equipment. 
T.here is a type of product sometimes classed as an equipment, 
but which can be standardized in the same way as components. This class 
often described as circuit modules, is made up of equipment which is 
sold to other equipment manufacturers who incorporate it within their 
products. Examples are found in the fields of AC to DC power supplies, 
DC to AC inverters, AC to AC and DC to 00 converters, and packaged com-
puter circuit modules (~ee Appendixes II and III). 
It is likely that the reason for the present lack of standard-
ization in this area is the way the products originate. In the case of 
a large equipment, say a commercial radar, to be sold to the user one at 
a time, it is clear that custom building is impractical. The manufac-
turer does his best to detemine what his market wants and bases his de-
sign on this information in the hope that his design will be found 
acceptable. On the other hand, the manufacturer of modular power sup-
plies for use by equipment manufacturers begins with an inquiry involv-
ing some moderate quantity. He is eager for business so he agrees to 
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build the desired quantity to meet the customer's specifications. Thus 
he is in the custom power supply business. 'rhe next prospect wants a 
slightly different product and again it usually occurs that little effort 
is put into trying to channel the two requirements into one model. In 
Section One the problems of this process were outlined. The important 
fact is that the power supply manufacturer, like the precision potentiom-
eter manufacturer, is making small quantities of two similar units in-
stead of a larger quantity of one. 
In summary, it may be said that of the hundreds of t"'.fPes of 
electronic components and modules, most can be standardized to a greater 
degree than presently. In the following sections the advantages and 
methods of accomplishing this are enumerated. 
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S&CTION THREE DEVELOPMENT OF THE STANDARD PRODUCT LINE 
3.1 Classes of Products 
It is important in considering the problem of standardization 
of the product line to distinguish between four general classes of prod-
ucts divided according to inventory maintenance policy. :F'irst, there 
are stock items. 'rhese are products Which the manufacturer includes L~ 
his catalog and maintains in inventory Dr.)st of the time. The size of 
the stock is generally dependent on selling rate and desired frequency 
of production runs. Thus, a fast selling item to be produced only a few 
times per year will require a large average inventory quantity. The 
quantity in stock at arry one time will also be affected by the length of 
time during which an out-of-stock condition can be tolerated. If serious 
customer ill will would be generated by the manufacturer's being tempo-
rarily unable to fill an order, especially large inventory levels must 
be maintained. 
Second are nonstock catalog i terns. These are shcnm in the cat-
alog, but are built only when a customer's order is received. No inven-
tory is maintained. 
Third are noncatalog stock items. Generally the manufacturer 
stocks these items for the convenience of a particular single customer 
who orders for :i.InJnediate deli very as the product is required. They are 
not thought to be salable to others so they are not mentioned in catalog 
material. 
The fourth category consists of nonstock, noncatalog items. 
These are often called custom products. 
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3. 2 Goals of Standardization 
By developing the standard product line, benefits may be 
achieved in all four product classes. The primary goals are to decrease 
the number of different items which are being ma.nufactured and to pro-
vide as great similarity as possible between the items in the line. 
wVhen these soals are achieved, the factory builds longer runs of fewer 
items and builds them using larger quantities of fewer different parts 
and different manufacturing techniques. The result is a saving espe-
cially in factory labor, but in material cost as well. In addition, the 
cost of distribution is reduced and there is less opportunity for cus-
tomer complaint. In this section methods of achieving this aim will be 
described. 
3.3 An Important Cause of Lack of Standardization 
An examination of the catalogs of many electronic component 
manufacturers reveals that there is little relationship between the prod-
ucts shown from the standpoint of design. Furthermore the ratings appear 
to be picked at random. Appendix IV contains an example of such a cata-
log. Actually such disorganized and hence expensive-to-produce product 
lines gererally result from the manufacturer simply compiling a catalog 
covering his largest selling custom items. That is, rather than start-
ing out to design a~ of products, tailored to its market, he merely 
catalogs a group of designs for various customers by various members of 
his eng:ineering staff. The products are different in design concept be-
cause of the particular interests and experience of their designers, 
working independently, typically with little connnUU,ication and at 
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different times. This sort of lack of standardization is most expensive 
for the manufacturer because it prevents using com.i·non parts and manufac-
turing methods and tooling. 
3.4 A Logical Approach to Development of the Standard Product Line 
The development of the product line can be divided into three 
major phases. The first is to define the constituents of the line and 
the characteristics of each individual product. This function is nor-
mally performed by the product planning department, but during the course 
of the work the engineering, field sales, and advertising departments all 
contribute. 
The second phase is the development by the engineering depart-
ment of standard design concepts, and specification of standard materials 
and production methods. These are expressed in documents called llengi-
neering standards11 or "design standards" published by the engineering 
department for its internal use. 'Ihe standards must be broad enough to 
encompass the entire proposed line and are to be used by all members of 
the engineering department as they design the individual items for the 
line. In addition, they are used later when customer requirements dic-
tate new, 11 in-between11 items whether for sale as stock i terns or to be 
custom-built for individual customers. 
The third phase of the product development process is the ac-
tual design of the products making up the line. Here the engineering 
department applies the design standards to provide the required product 
characteristics as designated by product planning. The result is a 
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complete set of product designs including specifications of manufacturing 
methods and design of production machinery and tooling. 
3.4.1 Product Planning 
The function of the product planning department is to be the 
medium for transferring information from the customer to the engineering 
department. Unless the engineers know what the market wants they carmot 
be confident of designing a product or line of products which is sure to 
sell. Without this knowledge they are guessing, a very risky proposi-
tion. Adequate product planning takes much of the guesswork out of the 
picture and enables eng:ineering to devote its efforts to products for 
which there is indeed a market. 
The product planner is basically customer-oriented. He gener-
ally must be an engilleer in order to understand his engineer-customer's 
needs and in order to explain them to his own company's engineers. How-
ever, his purpose is to take the customer's view and find out what is 
required to fill his needs. 
In determining customer requirements the product planner draws 
on many sources o!' information. He may initiate marketing research 
studies and may carry out these studies in the field or he may turn them 
over to a marketing research group, either inside or outside his own com-
pany. He may talk directly with customers about their requirements or 
he may discuss them with his own salesmen who are in daily contact with 
the market. 
Another source of customer and product information is the col-
lection of specifications of custom-built products the company has 
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designed in the past. This is a useful tool, but must not be relied on 
too heavily because custom items are usually designed one at a time and 
may not be representative of the spectrum of products the market needs. 
This source is especially useful in forecasting trends in customer re-
quirements. If the product planner notices increased requirements for 
custom components having some particular feature in connnon he can infer 
that this feature is at least worth further study. 
Appendix V illustrates an 1Ulusual means of determining what 
the market requires. Here the manufacturer was introducing a component 
so new to the industry that there existed no historical usage data. 
Customers could not give valid, generallY applicable answers to ques-
tions of desired specifications. The manufacturer determined his cus-
tomers' requirements by defining the whole spectrum of his capabilities 
in analytical form and asking prospects to pick the specifications needed 
for each individual application. The form illustrated makes no attempt 
to standardize because information on which standardization could be 
based was lacking. After many hundreds of the forms are returned, how-
ever, it will be possible to use the accumulated information to deter-
mine the standard line. 
Market-size forecasts are important in determining the direc-
tion in which a line should be expanded. If the market for very small 
models is increasing more rapidly than that for larger ones, the prod-
uet planner will probably want to emphasize these smaller models in his 
line. Such forecasts may be made by the product planner or his marketing 
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research organization. They can often be based on secondary data from 
trade publications and trade associations. 
The engineering and manufacturing strengths of the company 
will have an important bearing on product choice. Favorable patent po-
sition is helpful in providing product benefits which encourage sales 
and discourage competition. Special areas of engineering talent may be 
important to the design of a superior product. Only by specifying a 
line encompassing this talent area can it be made useful. Similarly, 
manufacturing facilities have areas of special experience and capability. 
If the product line is suited to these strengths, product quality and 
company profitability will gener~ be enhanced. 
The marketing organization too will have areas of special com-
petence both as to type of customer and type of product. A highly tech-
nically trained sales engineer will be wasted on a very simple product, 
but he will be an important asset to the sale of a complicated product 
within his field of specialization. Conversely, the company not staffed 
to sell a technically complicated product will have to consider the cost 
and time involved in creating a skilled group before embarking on the 
sale of this type of product. In the same way, a sales organization 
geared to calling on customers in some particular industry or part of an 
industry will be much less valuable in some other field. 
In considering the strengths of his com9any in the fields of 
engineering, manufacturing, and marketing, the product planner must guard 
against basing his decision too heavily on these strengths. The source 
of sales is the market, and manufacturing and engineering strengths are 
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of little use if the market has insufficient need for the product. On 
the other hand, once a product is picked which is right for its market, 
these strengths will be important in achieving adequate profitable volume. 
Competitors' strengths and weaknesses too should be considered. 
It may be advisable to design a line to fill a relatively small part of 
the market, but one left uncovered by an otherwise strong group of com-
petitors. For example, most of the competition is likely to be centered 
around products for which the market is greatest and built to the quality 
level most often required. A smaller producer may find it profitable to 
build the .Less common ratings and build a cheaper or more expensive ver-
sion. 
After the product planner has studied the requirements of the 
market and the strengths and weaknesses of his own company and his com-
petitors, he must define his product area and his approach to the market. 
He has several choices as to the kind of product line he wiJJ. offer. 
E'irst, he may choose to sell stock items only and refuse all custom busi-
ness. This is an extreme degree of standardization and while it is 
highly desirable from that standpoint, it is not practical for many 
classes of components. A good example of a component which might be sold 
on a stock-items-only basis is a transistor line. Most transistor man-
ufacturers presently are willing to make custom items, but a given pro-
ducer might well decide that the extra revenue from such sales does not 
compensate for the intangible and obvious costs involved in building a 
great many slightly dissimilar items. If such a policy is followed the 
manufacturer may elect to catalog all of the items he stocks or he may 
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include in his stock line some items used by single customers, but bought 
in large enough quantities to make manufacturing and stocking worthwhile. 
Such products, while they are custom in the sense that they are built 
for only one customer, are classed with the standard or stock items be-
cause they are built on a repetitive basis. After all, from the facto-
ry's viewpoint, it is not significant whether some particular product is 
sold to one or many customers. The important feature of this approach 
is that the products 'Which make up the line are all built in considerable 
quantity per run and the runs are repeated as required to maintain inven-
tory and supply the demand. 
In deciding upon a course of action involving carrying inven-
tory of the standard items, the product planner must take into consider-
ation the costs involved. First, the dollars represented by finished 
goods inventory should be considered. Assuming that the firm has funds 
available or can borrow for this purpose, it must still be recognized 
that a direct cost of carrying inventory is the interest on the cost of 
the stock. Second, there is always some risk of obsolescence of the in-
ventory. Usually this is e~essed in terms of a reserve for obsoles-
cence toward which a given percent of inventory value is accrued 
periodically. This accrual represents a cost of carrying inventory. 
Third, there are many costs associated with the housing of the stock. 
These include charges for warehouse space, insurance, record maintenance 
and physical handling of the merchandise. Fourth, some loss due to pil-
ferage is often to be expected. Last, some items may depreciate due to 
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age. Selenium rectifiers, for example, age as fast on the shelf as in 
use and therefore cannot be kept indefinitely without losing value. 
Many electronic component manufacturers find that some of their 
customers have real needs which could not be satisfied by any stock line 
of reasonable breadth. Other customers may demand custom products be-
cause they have not bothered to design their equipment to accommodate 
standard components. The electronic transformer industry is one in which 
nonstock items are prevalent. In this field some of the manufacturers, 
United Transformer, for example, have a stock line, but the bulk of their 
sales are of custom products. The result is that the stock items are 
built in small quantities and so must be priced nearly as high as compa-
rable custom designs. Thus there is little incentive for the customer -
to use the stock item. Rather, equipment manufacturers take advantage 
of the flexibility offered them by choosing their own transformer speci-
fications and having the units built to order. 
In the case Jf a large number of different types of components 
it is not practical for the manufacturer to stock enough different models 
to satisfY actual customer needs. The spectrum of characteristics cov-
ered by the product's design is so broad that the manufacturer finds 
stocking enough models to satisfy the needs of all his prospects too ex-
pensive from the standpoint of inventory. He cannot reduce the number 
of items in inventory by leaving wider gaps between products because 
customers• actual needs would fall between his items. The usual solu-
tion to this dilemma is the narrow stock line plus availability of un-
limited custom-built variations. 
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To summarize the situation, the market needs a wide variety 
of product models. It is too costly for the manufacturer to stock all 
required models and it is at least equally undesirable for him to oper-
ate as a largely custom business. 
An answer to this problem has been found in what Raytheon Com-
pany calls the uselection Guide" approach as described in detail in Ap-
pendix I.* The "Selection Guide" was probably originated, as far as the 
electronics field is concerned, by Sorensen Company who called it a 
"Master Chartn (See Appendixes II and III). This is a method of provid-
ing all of the products actually required by the market without custom 
designing and without excessive inventory. 
The nSelection Guide11 is in essence a catalog, but a very spe-
cial sort. As a catalog it is merely a piece of advertising material, a 
sales tool, but actually its significance is much deeper. The "Selection 
Guide" is a listing, in an organized, tabular form, of all of the varia-
tions of the product which are deemed really useful to a significant num-
ber of customers. It is used as the basis of the engineering standardi-
zation program and designs are made readily available for each item. No 
stock of "Selection Guide" items is maintained except in cases where his-
torical usage indicates that stocking is warranted. The sales force, 
without the "Selection Guide", tries to get by with a few stock items 
only, or sells custom design capability, a vague product at best. With 
the "Selection Guide 11 , the salesman is selling standard catalog products. 
The factory is tooled to build the standard product and the advertising 
*Refer to Appendix I for a description. 
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program is built around it. The liSelection Guide" influences favorably 
every aspect of the manufacturing concern. Section Six describes this 
approach in more detail. 
3.4.2 Engineering Standardization 
There are two primEcr:f levels of engineering standardization. 
The first has to do with materials and parts making up the product. It 
is clear that if there are two parts, slightly different, but both suit-
able to perform the same function, it is desirable for the designer to 
standardize on one of the two for all applications. By so doing, he in-
creases his company's usage and earns larger quantity discounts and at 
the same time reduces purchasing costs by halving the number of purchase 
orders needed. In addition, savings accrue from the lower cost of stock-
ing the single part type and the smaller total parts inventory required. 
This type of standardization has received a great deal of attention over 
the past several years. Recently the American Standards Association 
polled 2800 companies requecting information on their standards activ-
ity. Some 33% of those companies replying reported formal organized 
standardization programs and 38% of those having active programs reported 
actual dollar savings. Others indicated that they had savings, but could 
not specify them as to amount. 5 
It is important to recognize that the kind of standardization 
described refers to the user deciding to buy only certain items among 
all which are available to him. He sets up his own standards and uses 
them. The second primary level of standardization, the level with which 
this paper is largely concerned, involves standardization of the 
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end-product which uses the materials and parts in its manufacture. Here 
the producer is deciding what wlll and will not be standard, not the 
user. The first level of standardization is primarily an engineering 
function carried on in cooperation with purchasing. The second level is 
basically market oriented and the effort is lead by product planning, a 
marketing function. 
When the product planner has specified the line and has de-
scribed each item to be included, the engineering department takes over. 
Their task is to set up product design standards which will be useful in 
designing the product cal.led for by product planning. 
Of course, it would be possible to omit this step entirely. 
As an alternative, the engineers could each be assigned the job of. de-
signing one or more of the products defined by product planning. The 
result might well be a line of products meeting the requirements of the 
market. However, this approach has two important disadvantages. First, 
it is very expensive. Each designer must start from the begirming to 
design the product rather than taking advantage of the efforts of others 
in the group who are simultaneously solving similar problems to his. 
Manufacturing costs will be high as well for the various engineers will 
design for different production methods and will specify different parts 
and materials for similar jobs. This will occur even if a parts stand-
ardization program is in effect because such a program defines the spe-
cific materials which must be used, but does not influence choice of 
type of part. For example, the parts standardization program may specify 
no machine screw sizes between 6-32 and 8-32 and may require a specific 
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type of nut. Such a program will not prevent one engineer from mounting 
a transformer using a machine screw and another using a rivet. 
The second major disadvantage of omitting design standardiza-
tion is that the resulting line consists of a variety of products, each 
filling part of the market's requirement, but each having little rela-
tion to others in the line. The result, from the marketing standpoint, 
is a product line which is difficult to explain to customers, difficult 
to service, and creates an impression of improvisation to the customer. 
The problems of wasted effort, expensive production and a line 
unrelated in appearance can be solved by product design standardization. 
Under this system the engineering department accepts the product line 
description from product planning and designs the products not one at a 
time but all together. Appendix I describes such a program. The result 
of the program is a set of generally applicable drawings covering the 
complete line. Calculations defining all parts and materials are in-
cluded so that any desired individual product within the technical scope 
of the program can be designed based on the standard. Thus, each indi-
vidual engineer no longer needs to start from the beginning in designing 
each required item. The standard specifies the design method and lists 
specific parts which may be used. To return to the earlier example, if 
the standard specifies that a transformer performing a given function is 
to be mounted by rivets, then the designer needs only to select from the 
standard rivet list the size suitable to mount the transformer in the 
md.el he is working on. 
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The result is a design similar in appearance and operation to 
every other item in the line and one requiring minimum manufacturing 
flexibility. In addition, the design task is simpler and so requires a 
less experienced engineer. Adoption of this kind of standardization 
frees the more experienced engineers for jobs actually requiring their 
special talents. 
3.4. 3 Product Design 
Once the design standard has been written the actual design of 
the individual items in the line is merely a matter of following the 
standard using parameters consistent with the required product specifica-
tion. 
It should be noted that the design standards are not applicable 
to stock and catalog lines alone although they may be created as a step 
in the design of such lines. They may be used to design 11 in-between" 
mdels as well when the customer's application is not suitable for any 
of the items in the standard product line. Likewise, when a customer 
specifies a product the same as a standard item, but with some special 
added feature, the standard provides the basic design with only the mod-
ification requiring fundamental design effort. This means that the man-
ufacturer Ydlo has a design standard for his product line has a distinct 
advantage in competing for custom business. While his co~Qpetitors must 
base their costs and selling prices on design from the beginning, his 
costs are only those of makL~g the necessary changes in the standard-
designed product. 
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SECTIOU FOUR SALES PROMOTION TO SUPPORT THE STANDARD PRODUCT LINE 
4.1 The Function of Promotion in the Standardization of the 
Product Line 
In the previous sections the benefits to the manufacturer of 
product standardization have been enumerated and methods of designing 
the standard line have been described. There is little point, however, 
in designing such a line unless it is sold successfully. The user is 
accustomed to buying a custom-designed and custo~manufactured product. 
He will be interested in the standard line only if it benefits him. 
The benefits which may accrue to the user from adopting the 
standard product rather than the custom one are these: 
1. Lower Piece Price 
It is clear that standardization, the sub-
stitution of one standard product for several custom 
ones, should result in lower manufacturer's cost since 
runs will be longer making production efficiency high-
er and providing material cost savings. In addition, 
various other areas of cost saving to the manufacturer 
are mentioned in Section One. It does not necessarily 
follow that in the short run the selling price of the 
standard product vrill be set lower than that of the 
custom item it replaces. However, it is likely that 
as roore and more standardization takes place compe-
tition will force the manufacturer to pass at least 
part of the savings on to his customer. 
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2. Faster Delivery 
The standard product may, if usage is heavy 
enough, be available from the manufacturer's inventory. 
If so the lead time saving is obvious. 
Even if there is no stock available of the 
particular standard item desired, the delivery time 
will be considerably shorter. This occurs for three 
reasons: First, no engineering time is required 
since the design is a standard one. Second, the fac-
tory will have all parts and materials requiring long 
lead time already on hand so it is not necessary to 
wait for their arrival before manufacturing can begin. 
Third, the factory will be accustomed to making the 
specific product or at worst, items similar to it. 
Hence the operator learning time will be shorter and 
rejects during the manufacturing cycle will be fewer. 
All of these factors combine to shorten the time be-
tween purchase order and delivery. 
3. Negligible Design Cost 
Since the design is already available and 
since the original cost of each individual design is 
relatively small when design standards are employed, 
the customer 'Who buys the standard product is paying 
little for engineering. It is true that sales must 
pay for all design effort, but with standardization, 
the share of the cost chargeable to each individual 
order is small. 
4. Less Time Spent by User in Explaining His 
Requirement to the Component Manufacturer 
The custom manufacturer comes to his pros-
spective customer with an ability to design a given 
general type of product, but no knowledge of the 
prospect's specific needs. The user must provide 
him with a large number of facts about his applica-
tion if the resulting component is to be suitable. 
Not only 11Dlst the technical specifications of the 
product be delineated, but the component manufac-
turer must often learn enough about his prospect's 
business to be able to judge many subjective mat-
ters such as appearance and level of reliability 
needed. All this takes time, not only for the 
component manufacturer, but for the user as well. 
When standardization exists, the customer merely 
selects the item he requires and orders it. The 
component vendor never needs to learn about the 
specific application. 
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The foregoing are the primary benefits to the user from buy-
ing the standard product. The basic function of the promotion pro-
gram, as it relates to standardization, is to communicate these benefits 
to the customer and make possible his taking advantage of them. In more 
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detail, the functions performed by the promotion program are these: 
First, the promotion program must inform the prospective cus-
tomer of the existence of the standard line. In many cases where custom-
manufacturing is the rule, the user will be accustomed to buying to his 
own drawing which specifies some individual vendor who has designed the 
product to fit the application. Thus, the purchasing department will 
not be concerned about other vendors and they must see to it that the 
purchasing agent learns of the standard line. Second, the program must 
emphasize the benefits to the user of adopting one of the standard items 
to replace a previous custom one. Third, the program must provide de-
tailed technical information describing the standard line. This is im-
portant as a neans of allmving the customer to observe the characteris-
tics of the products offered and if adequately done can simplify 
communications between customer and vendor. Fourth, the promotion pro-
gram should make it easy for the customer to order the standard item. 
The purchas:ing agent may tend to cont:inue to buy in his accustomed fash-
ion if it is too difficult to select and order from the standard line. 
The areas of importance :in the promotion of the standard line 
are primarily space advertising, trade paper publicity and technical 
articles, and descriptive catalog material. All of these should be used 
together to educate prospective customers. The functions of the promo-
tion program in market:ing may be compared to automation in manufacturing. 
The advertising and literature serve to inform and persuade the customer 
and thus replace part of the expensive personal selling required. This 
idea is well expressed by a prominent advertising agency: 6 
• • • • personal calls are too expensive to use for 
any job that a "machine11 can do as well, or nearly 
as well. And things will be worse before they are 
better. 
This is the reason why managements who can 
face facts are handing part of the salesman 1 s job 
to the advertising manager. 
The role of advertising is to make possible 
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more selling and the w~ advertising can do this is 
to relieve the salesman of chores which aren 1 t really 
selling. 
Examples of salesmen• s functions which the promotion program 
can perform are these: 
Provide complete service information to eliminate 
salesmen's time being spent on product service. 
Explain the limitations of the product to eliminate 
fruitless calls to customers who cannot use it. 
Explain all features of the product ful]y. 
Explain fully how to select the proper i terns for 
each application. 
Explain how to install the product. 
Provide a convenient form to allow the customer to 
express his questions easily and understandably. 7 
Incidentally, it is perhaps worthwhile to point out the par-
ticular applicability of free trade-paper publicity and technicaJ. a.r-
ticles as a part of the program. The electronics industry is presently 
fully a:ware of the need for standardization although the obstacles to 
its growth are widely believed to be formidable. The result is that 
the trade press is eager for information on the subject. With some 
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encouragement from the manufacturer who is standardizing and with suffi-
cient concrete :information on his product, methods, and progress, there 
is a strong likelihood of obtaining coverage impossible otherwise. 
To summarize, then, the principal goals of the promotion pro-
gram are to explain the standard product line and the user benefits to 
be gained by its ad.option in place of custom products. By so doing the 
user is induced to bu:y the standard items and the personal sales effort 
required is minimized. 
4. 2 Development of Promotional Material 
The development of the promotion program is best begun not 
when the product is ready for the market, but at the inception of the 
standardization effort. Promotion is far more important in the case of 
the standard line than when selling a custom design capability. In the 
latter situation there is relatively little that can be done except to 
sell the manufacturer's name and his areas of strength. It is left to 
the personal sales contact and the specific discussion and proposals 
which grow out of it to sell the product. On the other hand, with stand-
ardization, promotion sometimes results in a sale directly and in any 
case can pave the way for a speedy close. It is important therefore, to 
consider the promotion plans from the beginning of the standardization 
program. 
In many cases the promotional theme should be chosen in advance 
of the design of the product. This allows the engineer to include in 
the design specific features which are in agreement with the theme. For 
example, if a line of components is to be sold on the basis of being 
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able to pass some particular military specification, this must be clearly 
determined before the design vrork is begun. Similarly, if the product 
is to be sold on the basis of having very light weight, this must be de-
cided before design effort starts. In this way the promotional theme 
provides direction to the engineering task. 
Once the promotional "pitch" has been chosen and the product 
line has been designed, other factors in the promotion program become 
active. Consider the program in the light of its four primary functions 
described earlier. 
The first function is to inform the prospective customer of 
the existence of the standard line. All of the normal electronics in-
dustry media are appropriate for this purpose and in addition the field 
sales force may provide a personal introduction of the new line to im-
portant prospects. In maQY instances the space advertising and public-
ity will be directed to finding prospects to whom further effort is 
later directed. For example, there may be publicity releases and space 
advertisements which emphasize not the product, but the catalog material 
which describes it. The reader is invited to write for his copy of the 
catalog. In this wa:y a mailing list for future promotion is generated 
and prospects for sales cills are found. Thus, the manufacturer informs 
his market of the existence of the new line and at the same time l~s 
the foundation for future effort. 
The second function of the promotion program, to point out the 
benefits to the user of adopting one of the standard products, is per-
formed largely by the sales literature or catalog. Naturally, there 
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will be some aid in this area from publicity releases and space adver-
tising may list the benefits. Nevertheless, the specific advantages to 
a specific customer are generally rather complicated and therefore do 
not lend themselves to explanation though the same media is used for the 
introduction of the line. The salesmen, too, can explain the benefits 
of the standard line, but standardization is most effective when a large 
number of customers are involved. Hence, personal calls on all prospects, 
before it is kn~rn whether they will benefit from or indeed can use the 
product, are inordinately expensive. The catalog material on the other 
hand is relatively inexpensive. Once enough interest is generated in 
the prospect so that he takes the time to read the material, it provides 
the ideal medium. If the prospect has been induced by a space adver-
tisement to send for the catalog he is likely to take the time to read 
it. An important purpose of the catalog material, then, is to explain 
how the user benefits from the use of the standard product in general 
and from individual items in particular. 
The catalog may include both the standard line and some men-
tion of the ability to provide custom products as well, if it is decided 
that complete standardization is undesirable or impossible. If this 
approach is taken it is important to recognize the special part which 
price and delivery quotations play. It is the goal of the manufacturer 
to sell as large a portion as possible of his output in standard items 
and to limit custom business to those applications where the standard 
line is not usable, resulting without the custom approach, in a lost 
sale. The buyer will be heavily influenced by the relative prices and 
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deliveries for the custom product and the nearest equivalent standard 
item. At some level of price and delivery advantage he will be per-
suaded to forsake the custom item. One method of ensuring maximum 
choice of the standard item is to set custom quotation levels unusually 
high. Ho~~ver, this merely transfers the custom business to a competi-
tor. Conversely, an especially low priced standard line will attract 
business, but since this line will provide most of the sales, the effect 
will be relatively law profits. 
The proper balance is probably found at or near the point 
where the actual savings to the manufacturer from standardization are 
reflected in the selling price. The selling price of the custom job 
should be priced com:->etitively with other custom producers just as was 
done before standardization. The standard line should be priced propor-
tionately lower. If the standardization program is successful from the 
standpoint of manufacturing cost improvement, the result will be selling 
prices low enough to attract most customers who can in fact use the 
standard product. 
Similarly, if delivery is accelerated successfully by the 
standardization program, the standard product deli very time will be 
enough shorter than the custom to encourage purchase of the former. 
The third function of the promotion program is to provide de-
tailed technical information describing the standard line. The goal is 
to allow the prospective customer to select the item suitable to his 
application without a personal sales call or correspondence >vith the 
factory. The catalog, again, is the principal vehicle for this task. 
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In some instances, especially where the line is made up of products with 
only one or two variable parameters, the job is a si.rnple one, merely a 
list of general specifications and perhaps a table illustrating the var-
iables. In other cases where there are many variables .and many possi-
bilities for each, the catalog may be a complicated one. The important 
factor to the standardization program is that all of the possibilities 
for each of the variables must be listed specifically. Othen'Tise, a 
custom product results. 
Another facet of the presentation of technical detail is the 
description of the applications of the product and the limitations to 
its use. Without this information the buyer is uncertain as to whether 
he can use the product and so is inclined to continue to order the cus-
tom item which was designed particularly to fit his application. 
The fourth function is to make it easy for the customer to 
order the standard product. Here the design of the catalog and some-
times accompanying printed material is of primary importance. Once the 
proper item is selected it must be convenient for the buyer to tell the 
manufacturer of his choice. Naturally, this presupposes that the cata-
log provides all of the information the buyer needed to make his choice, 
especially technical product data, application description, and price 
and delivery expressed in a firm fashion. As to price and delivery 
this means that a complete schedule of quantity and other discounts 
must be given along with list price, and lead time for various quanti-
ties must be stated. 
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Two special techniques are useful in simplifymg the ordering 
process. First, there may be included with the catalog an order form 
providing spaces for the buyer to fill in all product information re-
quired. This serves to prompt the buyer not to leave out details and 
thus require further correspondence. 6econd, the catalog numbering 
5,16tem may be designed to describe the product in an immediately recog-
nizable manner. For example, if one of the variable parameters is volt-
age, the voltage chosen may appear numerically in the catalog number. 
Likewise simple initials may indicate a selection of variables which is 
obvious. The key is to have a catalog number vmich can be interpreted 
without reference to a catalog description. This makes product differ-
entiation easier a~d is an important contributor to reducing errors. 
The result is better communication between customer, salesman (if he is 
involved) and factory. 
Several of the Appendixes included in this paper well illus-
trate the matter of the proper design of the promotion program. Appen-
diX I is especially pertinent. This is an exar:tple of an unusually 
complicated component in the promotion of which the principles covered 
here have been applied especially successfully. Particular notice 
should be given to the presentation in the 11Selection Guideu of benefits 
to the user, description of standard ratings, and the catalog numbering 
system. 
Appendixes II and III also illustrate choices of catalog num-
bering systems to describe the product clearly and at the same time smw 
how the technical features of standard products with fewer variables can 
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be presented. All of these Appendixes represent products which were 
previously sold on a purely custom basis and the literature shcnv.n was 
instrumental in achieving at least partial standardization. 
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SECTION FIVE FIKLD SELLING OF THE STANDARD PRODUCT LINE 
5.1 The Field Jelling Situation of the Component Manufacturer 
The majority of the electronic component manufacturers active 
in the custom field have been characterized as small organiza.tions or 
concerns having experienced recent growth. Generally these firms have 
been founded by engineers who are building their business on the basis 
of the ability to design and manufacture a product technically superior 
in some regard. 'J.hese concerns share two important weaknesses. First, 
they are at the outset little known to their market because of their 
newness and small size. Second, they find it difficult and expensive to 
obtain adequate field selling effort. 
'I'he problem of recognition in the market place is important 
whenever a competitive situation exists. If the buyer is searching for 
a source he may- welcome even a comp_any with which he is unfamiliar. In 
the more connnon case where there are several suppliers offering similar 
products, the buyer is hesitant to consider the less well known concerns. 
In such cases it is difficult to establish the reliability and compe-
tence of the manufacturer, and it is expensive to make elaborate tests 
to evaluate the product technically. 
To solve the problem of lack of recognition in the field the 
component manufacturer may decide to sell through some well kno-vm com-
pany active in his product area. In this way the little known manufac-
turer's product comes to its market under a trusted and recognized name. 
The result is that buyers are far more inclined to consider the product 
seriously instead of disregarding it because of the difficulty of 
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establishing the reliability and competence of the manufacturer. Gener-
ally the buyer is much more concerned with the company with whom he is 
doing business than with the ultimate producer. 
For example, CTS Corporation, a manufacturer of volume controls 
and other variable resistors for electronics applications sells much of 
its output through International Resistance Company, a well known and 
larger electronic component manufacturer. T'ne product is sold under the 
me trademark relieving CTS of the task of establishing their own brand. 
The alternative to such an arrangement, of course, is to sell 
under the manufacturer's name and hope, in time, to build recognition 
for that name. 
The problem of securing the required field selling effort 
without incurring inordinate costs is familiar to every small components 
manufacturer. It appears likely that this is the most si&nificant sin-
gle problem among all those faced by such concerns. Without successful 
selling, the company's engineering and manufacturing strengths serve no 
useful purpose. Without customer orders there is no design or production 
required. 
There are four practical avenues that the manufacturer can ex-
plore in his search for orders. First, he can deal. entirely by mail 
using space advertising and direct mail to publicize the existence of 
his company and his product. This system has the advantage of low cost 
since compared to field selling costs, the cost of a relatively elabo-
rate trade paper advertising campaign is low. This method of reaching 
the market, however, is very rare in the electronics field. It appears 
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that most conpanies feel that some personal selling is vital. One good 
example of successful direct selling completely without the use of field 
salesmen, does exist. Lambda Electronics Corporation of College Point, 
New York, probably the largest supplier of laboratory D.C. pcwer sup-
plies, uses this method. Lambda has achieved sales on the order of $5 
to $6 million per year and apparently finds salesmen unnecessary. 
The second method of communicating with and thus influencing 
prospective customers is via a team of sales engineers employed by the 
manufacturer. Here the small size of many manufacturers is a severe 
dra:wback. If the sales eng:ineer is to be profitable for his company he 
must spend a major share of his time selling and as little time as pos-
s:ihle traveling. This condition puts a severe limitation on the size of 
each man's territory and results in the need for a sizable nunber of men. 
On the other hand, the narrowness of the individual manufacturer 1 s line 
and his limited production capacity mean that within each territory 
there is only a relatively snall potential market, a market often too 
small to support a salesman. Thus, the problem facing the small manu-
facturer is that if he has only as :nany men as his line will support, 
they do not cover the country thoroughly, and they spend too much time 
and money traveling. If he has enough men to cover the market properly, 
each cannot make enough sales to justify his existence. 
This is precisely the situation of Raytheon Company's Connner-
cial Apparatus and Systems Division as described in Appendix I. The 
voltage regulator line sold by company sales engineers cost so much to 
sell that profits were most inadequate yet because of efforts to limit 
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expense by cutting the number of men in the field, coverage was unsatis-
factory as well. 
The third method of selling is through independent manufactur-
ers' representatives. This is the method chosen by most of the smaller 
components makers because the representative, carrying several noncom-
peting lines for the same market, can spread his costs among all. Hence 
he can afford to cover the territory thoroughly. 
The problem arising in this method of selling is in the area 
of motivation. The representative is a private businessman, and he is 
rootivated by his own interests. The small manufacturer, not well knovm. 
in the market and offering a narrow specialized line, has considerable 
difficulty in encouraging his representatives to put a satisfactory de-
gree of emphasis on his products as opposed to the other lines the rep-
resentative handles. 
lhe less well-known the manufacturer is, the more difficult it 
is for the salesman to persuade prospective customers to try the product. 
Since the representative is paid on the basis of percent of sales, he 
will concentrate on those products where he can make the most sales dol-
lars per hour of effort. Thus he will be unlikely to devote a satisfac-
tory amount of time to the products of the less well-known manufacturer. 
Rather, the representative finds it· :more profitable for himself if he 
concentrates on the well known, easy-to-sell items in his line. 
A fourth possibility is the use of electronic parts distribu-
tors. This method is often useful as an adjtmct to one of the other 
three methods for while many equipment manufacturers are anxious to buy 
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small quantities from a distributor because of the quick delivery avail-
able, they generally prefer to buy production quantities direct from the 
manufacturer. In a:rry case, the distributor is unwilling to handle any 
but a well-known brand name so the majority of small component producers 
are eliminated. 
). 2 The Custom Manufacturer's Problem 
The problems of recognition and of obtaining adequate field 
coverage are especially severe in the case of the custom product manufac-
turer. He is selling his ability to design and manufacture a product he 
has never made. He must convince his customer that he has the technical 
skill, required capital, and manufacturing ability to design and build 
the product, providing appropriate product characteristics and meeting 
delivery requirements. He must do this without the specific tangible 
evidence of a sample to use as an example of his capability. Thus he is 
in a relativelY weak position when compared to the stock item manufac-
turer whose product can be evaluated and whose production rate is a mat-
ter of record. 
Because of the intangible nature of the real product being 
sold, that is, the manufacturer's ability, the factor of recognition is 
a more important problem to the custom manufacturer than to the producer 
of a standard line. Likewise, the field selling problem is greater. 
Consider the channels available. First, direct selling by mail and by 
space advertising might be a possibility. The chance of success of this 
method is very poor, hoivever, because of the nature of the selling task. 
By direct methods the custom manufacturer may well put his name before 
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his market, but he will accomplish little beyond this. His customers 
will not attempt to evaluate his true ability without some face-to-face 
contact. It is true that the presence of a convincing salesman does not 
necessarily prove anything about the manufacturer he represents, but he 
can serve the purpose of giving the prospective customer a human image 
of the company. By so doing he can provide the buyer with a feeling of 
confidence m his choice of vendor which can never be attained by adver-
tising. The buyer is si:nply not interested in placing custom business 
with a company with ·which he has had no personal contact. 
li.'ven if the customer were willing, selling custom products 
without field sales contact is impractical. This is because of the com-
munication requirements implicit in custom selling. First, the manufac-
turer must convey to the prospect an understanding of his general area 
of specialization so that the prospect will know which of his jobs the 
manufacturer might be interested in. Next, the prospective customer 
mtlSt describe to the manufacturer the specific job to be quoted. This 
description will be in the form of a written specification, to be sure, 
but except in the simplest cases, there will be many technical details 
which can only be resolved in person. A.fter the customer's requirements 
have been assessed at the factory and a quotation has been prepared, it 
is usually necessary for it to be explained to the custome;r-. Even after 
the job begins, communication is necessary to allow a mutual understand-
ing betv;een customer and manufacturer of problems arising during the de-
sign and manufacturing process. Such subjects as alternative specifica-
tions, newly developed customer requirement changes, delivery dates and 
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instructions all must be resolved and a representative of the manufac-
turer talking directly with the customer can contribute importantly to 
this conmrunication. 
In all of the areas described it is clear that without a sales-
man there are severe obstacles to the sale of custom products. Thus, the 
use of advertising as a substitute for field selling effort is not advis-
able where custom design and production is involved. 
The problems involved in the use of distribution by indepen-
dent manufacturers' representatives are the same as have been described. 
However, the representative is generally resonably effective in solving 
these problems. That is, he serves as personal evidence of the manufac-
turer's ability to produce and he can fulfill the comrrrunication function. 
Thus he has the ability to overcome the problems involved. The diffi-
culty with the use of a representative lies in the question of whether 
or not he finds it personally profitable to spend the amount of time re-
quired for custom selling. The answer will depend on the nature of the 
product and on the talents of the representative and especially on the 
other products he handles. If a given representative handles custom 
products exclusively, then he clearly must apply the required effort. 
If most of his products are standard items it is likely that unless he 
receives an inordinately high commission on sales of custom products, he 
will devote little time to them. The custom product manufacturer there-
fore, may find this method of selling ineffective. 
The use of direct salesmen employed by the manufacturer is 
probably the most effective method for custom selling. Even here, 
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however, if the manufacturer makes both stock and custom items, the 
salesiOOn may tend to push the easy-to-sell standard line. This method, 
of course, is only practical for areas and products where attainable 
sales can pay for it. Many custom manufacturers, because of their small 
volume, must rely on representatives. 
Distributors are generally not considered to be useful for 
custom product selling. Their business is based on ready availability, 
generally from stock. 'f.hey are not prepared to provide extensive cus-
tomer-manufacturer communication. 
5.3 The Advantageous Position of the Standard Component Manufacturer 
The manufacturer of a standard line of components is at a con-
siderable advantage in solving the field selling problem when compared 
to the custom builder. His most important asset is the product line it-
self. On the product line is built the reputation of the company and 
the field selling effort is centered around its features. 
When a previously unknown manufacturer advertises a standard 
line of products, the response of the market is entirely different from 
that to a new custom manufacturer. The emphasis is more on the product 
and its technical attributes and less on the manufacturer. The elec-
tronics industry is continually searching for better, more advanced com-
ponents. The assumption often made, and sometimes correct, is that a 
product which is new is necessarily better. The result is a willingness 
on the part of buyers to study and test new standard products offered 
for sale. The reputation of the vendor is still important, for it is 
i'lell known that the ability to supply a good sample for test does not 
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guarantee ability to produce in quantity. Nevertheless, there is a 
willingness to investigate an unknown standard product manufacturer 
generated by a need for his supposedly superior product. T'nis willing-
ness is generally absent in the consideration of custom manufacturers 
simply because there is no specific tangible product involved. 
To summarize, the reasons for the standard product manufac-
turer's easier entrance to the market despite lack of wide-spread rec-
ognition are these: 
1. A need for the specific product made only by the 
manufacturer involved gives i!lcentive for 
investigation of his production capability. 
2. The tangible nature of the standard product 
creates an aura of vendor dependability im-
possible when vague capabilities are being 
sold. 
J. It is possible to test the standard product be-
fore buying in quantity. 
4. No investment on the part of the customer in 
design effort or tooling is required before 
finished components can be evaluated. Gen-
erally substantial expense for one or both 
of these items is necessar,y before a single 
custom unit can be produced. 
The opportunity for successful field selling of the standard 
line is clearly far greater than for the custom product. The communica-
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tion process involved in custom product quotation, design and production 
has been described. The communication task is much simpler for the 
standard line. 
The standard product catalog, nonexistent in custom selling, 
is the basis of the required communication. The customer selects the 
appropriate product and is then able to request a quotation for the re-
quired quantity and style. The manufacturer necessarily understands 
the request innnediately and can quote readily. Thereafter the process 
is purely routine. 
The result of the tremendous simplification of the communica-
tion problem between customer and vendor is a marked facilitation of the 
field selling task. The method of direct selling without salesmen, 
'While not necessarily the best method, is practical. The case of Lambda 
Electronics Corporation has been cited as an example of successful appli-
cation of this method. When a standard line is being sold the time per 
call and number of calls per order is much less than in custom selling. 
'l'.he result is lower field selling cost per sale. This means more inter-
est and effort on the part of representatives if they are used and it 
means direct dollar savings if company salesmen are employed. If the 
manufacturer's name is well enough established to elicit distributor 
interest in carrying the product, the standard line opens the door to 
this method of distribution. 
In competing with salesmen of other manufacturers who sell on 
a custom basis-, the stock item salesman has several advantages. 
1. The technical advantages of the product can be 
clearly defined by means of the catalog. 
2. A lower selling price can be offered because 
custom engineering and tooling costs are 
eliminated and production lots are larger. 
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3. Quicker delivery can be offered because engineer-
ing time is eliminated. If finished stock 
is maintained, delivery can be immediate. 
If not, delivery is nevertheless shorter be-
cause long lead-time material is stocked. 
4. Delivery can be scheduled to conform to the user's 
production schedule rather than making a 
large lump shipment at the beginning of the 
user 1s production run. This is practical for 
the custom manufacturer only if his sale is 
large enough to allow continuous manufacturing 
or if he stocks the finished custom product at 
his own expense. 
5. 'l'he standard line manufacturer can offer himself as 
a second source. It is often uneconomical for 
the user to buy a single custom product from 
more than one supplier because of the design, 
tooling, and factory setup costs which must be 
paid for all vendors. The stock item producer 
can offer the customer the flexibility and 
safety of multiple sources without excessive 
cost. 
6. More consistent and dependable product quality 
can be claimed because of the repetitive 
production and greater specific product ex-
perience of the standard line manufacturer. 
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The advantages above are directed to the customer, but of 
course they are benefits to the producer to the extent that they bring 
him business. In addition there are other marketing advantages affect-
ing the manufacturer. 
1. The manufacturer can obtain business otherwise 
unavailable because of his ability to sell 
as a second source. 
2. The cost savings resulting from the easier sell-
ing task where a standard product is involved 
may not be passed on to the customer. To the 
extent that this is so, profitability is in-
creased. 
3. By working closely with his customer's engineering 
department, the standard line manufacturer can 
prevent wide solicitation of bids through the 
user's purchasing department when the original 
equipment preproduction model is being built. 
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It is obviously a strong advantage for a component 
manufacturer to have his product used in the 
model. Before~ other vendor's component 
can be used as a replacement in production, it 
must go through an expensive technical evalua-
tion. 'l'he original component is lal.o1.m to be 
satisfactory because of its use in the model. 
l!.'very component manufacturer works with engineering 
to provide products for use in models. The ad-
vantage of the standard component producer re-
sults from the difference in the normal procedure 
for ordering used by the equipment design engi-
neer. To order a custom component the engineer 
must draw up his specifications and request price 
quotations through his purchasing department. 
Purchasing will normally solicit quotations from 
a nwriber of possible vendors. These vendors must 
then effectively compete to place their component 
in the model. In the case of a requirement for a 
component which the engineer knows can be obtained 
from a standard line and for which a price is pub-
lished, no requests for quotation need be made. 
Rather, the engineer simply requisitions the re-
quired component by its manufacturer's designa-
tion and purchasing has little choice but to buy. 
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This is desirable from the engineer's stand-
point because he can get the part without 
writing a detailed specification and can ob-
tain quicker delivery. The standard line 
producer who can successfully sell the engi-
neer is almost assured of his part being used 
in the model. 
Appendixes I, II, III and V show examples of product 
lines and catalogs designed to allow the engi-
neer to order the required standard component 
and so use it in the model he is building. 
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SECTION SIX THE "SELECTION GUIDE" APPROACH TO STANDARDIZATION 
6.1 Standardization Where Many Variations Are Required 
In the preceding sections the many advantages of standardiza-
tion both to the component user and manufacturer have been described. 
If all component applications permitted the use of one of a few types it 
would probably be advisable for most manufacturers to standardize and 
make only those styles really required. For example, if all capacitor 
requirements could be met by a few dozen ratings, there would be little 
to prevent the producing of only these ratings. 
Unfortunately, perhaps, each component type (e.g. resistor, 
capacitor, servo, or inverter) possesses from five to fifty significant 
parameters, all infinitely variable. Consider a resistor as a particu-
larly simple instance. The following parameters are critical.* 
1. Resistance - a fraction of an ohm to many mil-
lions of ohms. 
2. Wattage rating - 1/10 watt to hundreds of watts. 
3. PhyBical size and configuration - length 0.1 
inches to 1 foot. 
4. Tolerance - 0.01% to 20%. 
5. Temperature coeficient - 10 to 1000 parts per 
million per degree. 
6. Temperature rating - 25°C to several hl.llldred 
degrees. 
*Limits shown are approximate and are presented for illustration only. 
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Resistors can be furnished having each of the six parameters 
listed in an infinite number of gradations between the limits shown. 
'lhus, in terms of technical feasibility, the choice of an individual 
resistor iS between an infinite variety of selections of each of six 
parameters. This is the extreme case of custom capability, but it has 
been discussed in relation to probably the simplest type of component. 
Other components are described by m~ more parameters, each infinitely 
variable. 
The situation, then, is one of components which, from a techni-
cal standpoint, can be designed and built in infinite variety. Further-
more, it must be recognized that in many portions of the electronic 
component industry custom building is common and the user is indeed. ac-
customed to selecting from this infinite variety of possible designs. 
Not all of the infinite number of designs are meaningful. The 
most blatant case of unmeaningful product difference is that in which 
the gradations betvreen styles is smaller than the tolerance on the par-
ameters involved. For example, if the resistance of a particular resis-
tor is 100 ohms and the resistance tolerance is 1 10%, it is ridiculous 
to provide a nominal value of 105 ohms. This is so bee ause the 100 ohm 
style may vary between 90 and 110 ohms and still be acceptable. As tol-
erances become tighter, of course, the number of possible meaningful 
styles increases. The tendency in the industry, widely observable, is 
toward tighter tolerances on all parameters. The result is that more 
and more nominal values are becoming meaningful. 
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The matter of uruneaningful nominal value is not limited to. 
tolerance limits. The regulation of a povrer supply, that is the per-
missable change in output voltage with load, is another source of limi-
tation on number of meaningful styles. If the equipment powered by the 
supply must operate satisfactorily while the supply voltage mvings be-
tween 150 and 120 volts, there is no justification for several styles 
with outputs between these limits. 
The considerations described do not, however, place a severe 
limitation on the number of technically meaningful styles. Especially 
in the case of very precise components the number of meaningful varia-
tions is still tremendous. 
From the standpoint of specific applications, there are other 
limitations on the number of possible variations of each design which 
are significant. The following are illustrations of such applications: 
1. In many cases the rating must be greater or less 
than some limit, but once the limit is 
reached only cost prevents going beyond it. 
An obvious example is the voltage rating of 
a capacitor. So long as the rating is ade-
quately high its actual value is immaterial. 
Likewise, the hum level of a power supply 
cannot be too low. So long as it is below a 
given maximum it will be satisfactory. 
'The only limitation on such parameters and the 
primary determinant of the number of designs 
which are important, is the extra component 
manufacturing cost resulting from going be-
yond the requirement. 
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2. Many components must be designed to operate suc-
cessfully in direct combination with some 
other component. For example, a filament 
transformer may be used to supply the proper 
voltage to a particular tube. If the tube 
can operate on from five to seven volts then 
this implies allowable transformer parameter 
variations. The algebraic sum of regulation, 
tolerance, line voltage mving, effect of tem-
perature and other environmental factors, and 
the nominal value must be within the range, 
five to seven volts. Any combination of these 
factors providing voltage output between these 
limits will be acceptable. The result is that 
for each of these parameters which otherwise 
might be infinitely variable, there is a range 
·within which more than one specified value is 
unmeaningful for the application at hand. 
3. Specific electronic circuits, too, can accept a 
variety of component absolute values without 
detrimental effect.. It may be that in a given 
amplifier circuit the capacitance of the imput 
capacitor can vary over a considerable range 
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without causing the frequency response of the 
amplifier to become unacceptable. 
The factors limiting meaningful paratneter values from the 
standpoint of the application reduce the number of possibilities to a 
finite number for each parameter. However, they do not reduce the num-
ber to a reasonable value for a standardization program. Consider a 
10% tolerance 1 watt resistor, the simplest case. If resistance values 
range from 0.1 ohm to 10 million ohms, over 200 values differing by 
more than 10% exist. As some of the other five parameters are allowed 
to vary the number of styles clearly becomes very large. If we assume 
that the product is offered in six wattage ratings, three configurations, 
three tolerances, six temperature coefficients and four temperature ra-
tings, the total number of styles involved is two hundred and fifty-nine 
thousand, two hundred. This illustration has been chosen on the basis 
of a very small number of variations for each parameter. In most cases 
the actual number of meaningful variations is much greater resulting in 
even greater numbers of possible styles. 
In the earlier sections the general desirability for the com-
ponent manufacturer of making a larger quantity of a limited number of 
styles has been enumerated, the infinite number of possible variations 
has been described, and it has been pointed out that while this number 
is reduced to a finite value by eliminating unmeaningful gradations, it 
is still too large to allow quantity production of each. The circuit 
designer is accustomed to specifying many components to order, thus mak-
ing a free choice between the meaningful possible styles. 
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If standardization is to be successful for the manufacturers 
of such components, a way mst be found of inducing the engineer to se-
lect from a much smaller list of standard i terns. Such a way is avail-
able in the form of a device which may be termed a "Selection Guide". 
'lhis is a compilation of a large number of significant ratings of each 
important parameter for the component involved. The manufacturer designs 
the "Selection Guide" so that it includes values closely enough spaced 
to encompass a considerable portion of the applications and yet does not 
include so many values that the standardization process is upset. 
Examples of 11 ::>election Guides" are found in Appendixes I, II, 
and III. Here a successful attempt was made to induce buyers to choose 
from the Guide rather than from an infinite or nearly infinite combina-
tion of parameters. Many of the techniques for furthering standardiza-
tion described in Sections Three, Four and Five were used. 
The "Selection Guide11 approach is useful when applied to those 
components which for technical reasons must be made. available in more 
variations than is economical for a conventional standard line. It pro-
vides many of the advantages of standardization without the costs of 
stocking or even, necessarily, designing all of the styles included. 
The basic purpose of the ''Selection Guide" is to provide the 
engineer with an easy method of selecting components suitable for his 
application, to provide price and delivery incentive for choosing the 
"Selection Guide" items as opposed to custom designs, and to provide 
the component manu£ acturer with orders for a limited number of pre-
selected designs. Stated another way, the engineer is induced to review 
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his actual requirements and to choose the ''Selection Guide" i terns with-
in the applicable requirement range rather than picking specifications 
at random within this range. The specific method of accomplishing these 
aims are explained further in the Appendixes mentioned. 
It should not be assumed that a "Selection Guide" can be de-
vised to cover all actual requirements. Especially in the case of ex-
tremely advanced military electronic equipment, the tolerances and other 
requirements of the circuitry allow the engineer very little latitude 
for choice of component values. The result is that a "Selection Guide" 
with a reasonable number of choices will not provide for all applica-
tions. The 11 Selection Guide" will be useful, however, if it provides 
for an appreciable portion of the otherwise custom designs. To that ex-
tent, at least, the advantages of standardization can be secured. 
In most cases the "Selection Guidett will not include all the 
items the manufacturer offers for sale. It is likely, as in Appendix 
I, that there will be some fast-selling items which are stocked to allow 
filling orders. quickly and to provide production flexibility. The "Se-
lection Guide11 lists other choices which are deemed useful in a variety 
of applications, but which are not sold in quantities large enough to 
warrant stoeking. A third product category m.a;y- be offered. This is 
custom design and manufacturing capability to fill those needs not met 
by the stock line or the "Selection Guide 11 • 
6.2 Applicability of the 11Selection Guide" Approach 
The general statement can be made that the "Selection Guide" 
approach may be useful whenever the product possesses meaningful 
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variations in a number greater than it is economical to stock. There 
are examples of components which are simple enough that they do not have 
a great many meaningful variations and are used in such huge quantities 
that even the most unpopular styles sell fast enough to warrant stock-
ing. Such a component is the ordinary half watt 20% tolerance carbon 
composition resistor. This part is stocked in 39 ratings and because it 
has a relative~ wide tolerance and is not used in critical applications, 
there is no demand for in-between values. The stock line fills all re-
quirements and the "Selection Guide" is not applicable. 
The "Selection Guide" is particularly useful for the manufac-
turer whose business has been conducted on a custom basis and who wishes 
to standardize. He ca:rm.ot stock enough styles to fill a substantial 
portion of the market's requirements yet he wishes to avoid the disad-
vantage of custom design and !llanufacture. This is the situation of both 
Raytheon and Sorensen as described in Appendixes I, II, and III. These 
companies designed "Selection Guides" to provide standard designs which 
fill most requirements and eliminate most custom orders. T'.11e result is 
a standard product business including both stock and built-to-order 
"Selection Guide 11 i terns. 
6.3 Development of the nselection Guidell 
Before the actual design of the "Selection Guide11 publication 
comes the design of the standard product line it is intended to describe. 
The process is much as developed in Section Three. 
The first phase of the work involves product planning. The 
market's requirements and manufacturer's characteristics and strengths 
-72-
are assessed and on the basis of this information the specific items in 
the uselection Guiden product line are chosen. Because no inventory will 
be maintained on "Selection Guide" items, it is possible to include many 
variations. The goal of the product planner should be to include a 
number of variations large enough to encompass a considerable portion of 
the market and yet to include no useless or almo0t useless items. A 
reasonable goal is to include enough items to cover 70% of the custom 
requirements. It must be recognized that vr.ithout extensive promotional 
effort on the part of the component manufacturer it will be unlikely 
that any such degree of success will be achieved. A proportion high as 
70% can be reached only when customers are convinced of the benefits to 
themselves of ordering from the "Selection Guide" rather than ordering a 
custom design. 
In planning the "Selection Guideu line the product planner 
must consider the design of the 11$election Guide" itself. If the line 
is to be sold effectively it must be presented clearly in the published 
"Selection Guide11 • This means that the line must be planned to fit in-
to some prearranged format so that lucid presentation is practical. 
When the product planning phase is complete the engineering 
standardization phase begins. Here the engineering department sets up 
design standards to cover the "Selection Guide" line. These standards 
will generally be in the form of tabular listings o;e design parameters 
specifying each variable in the design for each "Selection Guide" item. 
It may be possible to limit the number of design standards by using a 
given combination of'standards for each item. For example, a set of 
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design standards for modular power supplies might include one for each 
of several major parts of the supply. Each of these parts may be com-
mon to several ttSelection Guide" items and so by combining various of 
the relatively fEffl' standards the many 11Selection Guide" i terns are cre-
ated. 
The last phase of the "Selection Guide" product design process 
is the actual design of each item, based on the standards. This task 
may or may not be done before introduction of the line. Often it is 
appropriate to predesign only those "Selection Guide" items for which a 
specific application is known. As orders for other items are received, 
it is an inexpensive and short task to provide the manufacturing pa,pers 
required. 
When the "Selection Guide" i terns have been chosen and the de-
sign standards are completed it is possible to design the ttSelection 
Guide 11 , itself. The product planner's work has resulted in a listing of 
items and their characteristics and the standards provide dimensional 
information, drawings, and performance data. 
The task of the advertising department is to take this factual 
data which is extremely complicated and put it into a form which can be 
readily understood without too much stuqy. After all, if it is too hard 
to use the "Selection Guide" the prospective customer will sure:cy be in-
clined to eliminate the problem by buying a custom product. The diffi-
culty of presenting the "Selection Guide" information in a clear form 
should not be underestimated. This is probably the most difficult part 
of introducing such a line. Appendix I, especially, shows how a 
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particularly complic~ted line has been successfully presented and the 
discussion indicates the difficulty of accomplishing this. 
In Vli'iting the ".:>election Guide" there are several kinds of 
information which must be presented if the guide is to be useful in en-
couraging standardization. These are: 
1. List of available standard values of all variable 
parameters. 
2. ~~ecification of all nonvariable parameters and 
characteristics of the product. 
3. EngLDeering drawings and photographs of the 
product. 
4. Mounting dimensions and instructions. 
5. Complete information on how and where to apply 
the product and limitations on its use. 
6. Price and terms and conditions of sale. 
7. Quantity or other trade discounts. 
8. Delivery information. 
In addition to these pieces of information which are needed by 
the user before he can place an order, the "Selection Guide" should do 
some selling. It should be attractive in appearance and should probably 
explain the advantages of buying the "Selection Guide" item. rather than 
ordering on a custom basis. 
In many instances the customer's ordering job and the factor<J' s 
interpretation of the order can be greatly facilitated by the use of a 
coded catalog numbering system describing the "Selection Guidell items. 
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Such systems are included in the "Selection Guides" of Appendixes I, II, 
and III. 
In addition to publishing the 11Selection Guide" for use in the 
field, the advertising department can make another use of this publica-
tion. It can be used as the basis for space advertising and publicity 
releases because of the intense pUblic interest in standardization. 
This has been done in the case illustrated in Appendix I. 
6. 4 Field Selling of the "Selection Guide 11 Line 
The 11Selection Guide" line offers all of the many sales advan-
tages of selling a standard line as described in Section Five. These 
advantages, common to stock and "Selection Guide" lines, are advantages 
in contrast with the custom product line. The "Selection Guidell manu-
facturer however, has an additional advantage when compared to the 
strictly stock item producer in the same product field. He can offer 
his customer a far wider product choice and yet he does so vdthout los-
ing the benefits of standardization. 
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SECTION SEVEN SUMMARY ~~ CONCLUSIONS 
7.1 Definition of Standardization 
A definition of the term 11 standardization11 as it applies in 
the electronic components industry may be (",leaned from the material in 
the early sections of this paper. Standardization, as used here, is the 
substitution of a line of products of a single type planned by the com-
ponent manufacturer for functionally similar components designed on an 
arbitrary basis to meet the requirements of an individual customer. The 
important distinction is in the matter of the organization specifying 
the precise characteristics of the product. The standard line is de-
signed on a logical and full-line basis by its manufacturer. The custom 
product is specified by the user, one item at a time and with little re-
lation between similar i terns. 
7.2 The Electronic Components Industr,y As It Exists Tod~ 
The ten billion dollar electronics industry is characterized 
as a relatively new field, experiencing rapid expansion. Engineering 
innovation is of vi tal importance in shaping the growth and form of the 
industry. Probably at least partly as a result of the importance of the 
new technical ideas of gifted individuals, the industry has spawned 
thousands of small concerns. 'The importance of these smaller companies 
is greatest in the components portion of the industry where nearly 97~6 
of the concerns have less than 500 employees. 
The three key characteristics of the electronic components 
field, newness, rapid growth and prevalence of small companies, are the 
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principal underlying causes of the lack of product standardization which 
pervades the industry. The small manufacturer, because his production 
runs are necessarily short and his overhead costs low, has little incen-
tive to encourage standardization. Because the marketing situation is 
generally a most competitive one, the components manufacturer tends to 
yield to his customer's wishes and builds the product to the customer's 
precise specifications rather than i~ accordance with his awn plans. 
Communication within the relatively new firm and within the 
industry is usually poor, especially because of the field' t> rapid growth 
and resulting continual adding of new personnel. Standardization can 
come about only as a result of efficient communication within the organ-
ization or industry which is standardizing its product. If the individ-
uals working in the field are not fully and continuously aware of each 
other's activities, if they do not know what the standard design re-
quires, standardization is impossible. ·ro the extent that this commnni-
cation does not exist adequately in the industry and in individual con-
cerns, standardization has not occurred and will not occur. 
As the very small newcomers to the industry grow in size, 
their practice of custom building a new design for each customer begins 
to become costly. Very small companies often have a competitive advan-
tage over larger concerns from the standpoint of overhead costs as a 
percent of sales. In addition, because their organization is simpler 
they tend to be more flexible in their ability to match their talents to 
their customer's needs. As the company grows it loses these advantages 
and so finds it more and more difficult to compete with smaller companies. 
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Normally we expect that a larger firm can justify its more ex-
pensive overhead and its decreased flexibility by economies of scale. 
'lhat is, the larger compaey, by obtaining more orders for manufacturing 
in a given period of t:ilne, can buy its raw material in bigger quantities 
and run longer, more economical production lots. Marketing costs too 
should decrease as volume grows. However, as long as the manufacturer 
conducts his business on a custom basis, he cannot achieve these advan-
tages regardless of his total sales volume. Since each custom order is 
different from each other order, it must be run separately and no appre-
ciable economies of scale occur. The larger manufacturer, then, has the 
disadvantages inherent in his larger size and yet does not have the off-
setting advantages. He therefore is at a disadvantage when compared to 
his smaller competitors. 
Within the electronic components industry there are some prod-
ucts for which excellent standardization has been achieved. Outstanding 
in this group are receiving-type electron tubes. This product has been 
on the market since the late twenties and so there has been ample time 
for standardization. In addition, the tremendous quantities in which 
such tubes are used and the large capital equipment investment necessary 
to produce each type have been important influences contributimg to 
standardization. 
Very inexpensive and very simple products, too, are well 
standardized. For example, ! watt carbon composition resistors are made 
only as standard items. This is natural when it is recognized 1that the 
product has been basically unchanged since the early thirties and sells 
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in production quantities for two or three cents each. The m~ufacturers 
can offer as stock items all technically meaningful variationsi without 
incurring inordinate inventory-holding costs. There is simply no possi-
ble advantage to the user of paying for a custom design. 
Receiving tubes and composition resistors are examples from a 
relatively small group of highly standardized components. Others are 
paper and electrolytic capacitors, television picture tubes, and carbon 
volume control potentiometers. A much larger group in terms of number 
of types of components is manufactured at least partly on a custom 
basis. This group includes all types of transformers, the more advanced 
and expensive types of capacitors, resistors, semiconductors, and tubes, 
and, in addition, other components used only in industrial and military 
electronic equipment. This latter group includes synchros and resolvers, 
cables, transducers, modular power supplies, and logic modules. Gener-
ally, it is the components which are most advanced technically which are 
most apt to be built on a custom basis, for in these cases there has 
neither been time for customer desires to become knovm nor for manufac-
turers to go through the process of standardization. Furthermore, there 
is less need to standardize the more advanced components because there 
has not been time for competitive forces to act on the market price and 
force manufacturers to standardize to reduce costs. 
It should not be supposed that only the very advanced compo-
nents are built on a custom basis. Transformers, even those built ex-
actly the same as they might have been twenty years ago, are mostly 
built to order to the customer's design requirements. 
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Extra costs of supplying components on a custom basis as op-
posed to offering a standard line occur in all of the major areas of 
the manufacturing concern. Field sales effort, home office sales liai-
son, quotation preparation and general correspondence are all much 
greater as a percent of the sales dollar for the custom produc~r. In 
the manu£acturing area, the costs o1· materials purcnasing, parts stock-
ing, order handling, production control, and factory setup are all in-
creased and the reject rate is apt to be higher and product quality 
lower. Engineering costs are obviously higher and these may or may not 
be chargeable to the customer. These are the areas in which the custom 
components producer is generating costs which could be eliminated by 
standardization. As his company grows and as his products become more 
widely used and understood, and as his competition grovrs, these costs 
make continued profitable operation progressively more difficult. 
7.3 Action Required to Achieve Standardization 
W'nen a components manufacturer has made the decision to stand-
ardize some part or all of his product line he can follow a specific 
series of steps to achieve that end. 
First, the standard product line is defined. This involves 
description of the line and of the items of which it is composed. This 
function is performed by a product planner or other market-oriented in-
dividual or group and their decisions are based heavily on market con-
ditions. Their goal is to choose a minimum nwnber of standard i terns and 
yet define a line which will satisfy a major share of the market. In 
addition to market considerations, the strengths and weaknesses of the 
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manufacturing, engineering, and marketing organizations are analyzed in 
order that the product line will take the greatest possible advantage of 
the facilities available. The product planning task is to provide engi-
neering with enough information defining the product line so that the 
resulting design will meet the requirements of the market. 
The second phase of the standardization product is the devel-
opment by engineering of product design standards in conformance with 
the requirements set down by- produ.ct planning. These standards are in 
essence a set of generalized engineering designs covering the entire 
product line and providing a common design approach for all related 
items in the line. 
Third, the actual individual product designs are made in con-
formance with the design standards. This is a relatively routine task 
~e the major design decisions were made during the preparation of 
the design standards. This phase primarily involves selecting specific 
data from the appropriate design standard and thus creating sui table 
manufacturing drawings for the individual items in the line. 
The fourth phase of the standardization effort is the planning 
and execution of the promotion program. Actually, this phase should be-
gin during the product planning effort to ensure that the product in-
cludes all of the special features 'Which are thought desirable from the 
promotion standpoint. During the engineering process the promotion 
group should :~;rovide engineering with suggestions on catalog numbering, 
attr,ac-tive packaging, and other factors affecting the promotion program, 
but specified by- engineering. When the design has been frozen it is ap-
propriate to complete the introductoey advertising and catalog material. 
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The promotion program can then begin with the publishing of space adver-
tisements, publicity releases, trade paper articles, and catalogs. 
The fifth phase of the standardization program involves the 
field sales activity. The salesmen are taught the advantages of the new 
line to the customer and in addition are sold on the advantage to them-
selves of selling the standard product rather than custom design capa-
bility. 
7.4 The Benefits of Standardization 
The standardization program can have benefits in two principal 
areas. Both the component manufacturer who standardizes his line and the 
user who buys the standard product receive important advantages. 
The equipment manufacturer 'Who adapts his product to use the 
standard component line benefits seven ways: 
1. Design costs are eliminated. 
2. Quicker delivery can be made. 
3. Delivery can be scheduled to provide shipments 
in accordance with equipment production re~ 
quirements, thus decreasing required compo-
nent inventory. 
4. Component specification and ordering are simpler 
and less costly. 
S. Risk is lower because the component can be evalu-
ated on the basis of readily available samples. 
6. A second source mq be economically available. 
7. Usually, at least in the long run, unit price is 
lower. 
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The component manufacturer benefits from all of the above fac-
tors because they mq be instrumental in impressing customers and bring-
ing in business. In addition, he achieves five other benefits: 
1. Production runs are longer and less frequent re-
sulting in lower setup cost. 
2. Lower parts inventory levels are required. 
3. Production control, purchasing, and manufactur-
ing supervision costs are lower. 
4. Selling expense is reduced. 
5. It is easier to obtain sample quantity orders 
for use in engineering models. This pro-
vides a strong c;ompetitive advantage later 
when production quantities are ordered. 
The electronic components market is a competitive one. De-
spite this fact a large portion of the types of products sold in the 
market are produced on a custom basis. Standardization of many o:t these 
types of components appears to provide cost savings for the manufacturer 
and custoDEr benefits as well. 
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APP.INDD I 
RAYTHEON VOL'l'A.GE REGULlTO:RS - THE "SELECTION GUIDE" 
APPROACH APH.IED IN A PIUWIOUSLY LARGELY CUSTOM MARKET 
Rqtheon Compa.ny, Waltham, Massachusetts, 
Collntercial Apparatus and Systems Division, 
Power Supply and Voltage Regulator Operations 
1. The Compaey- and Product 
Rqtheon is one of the largest electronics manufacturers with 
total volume in 1959 of nearly $500 million. 8 However, some 60% o£ 
total sales are made up of electronic equipment and systems, mostJ.T sold 
directly to the United otates Government. The balance of the Company's 
sales are of components, such as tubes, semiconductors, ferrite device,s, 
and transformers, sold to other electronic equipment manufacturers. 
Some tubes and semiconductors are also sold in the consumer equipment 
and replacement market. 
The Commercial Apparatus and Systems Division in September, 
1960, included among its products microwave cooking' equipment, ultra-
sonie impact grinders, electronic welders, and spectrum analysers. The 
Power Supply and Voltage Regulator Operations of that Division manufac-
tured battery charges and battery eliminators for the telephone and 
power utility markets and ferro-resonant voltage regulators. 
Voltage regulators are similar in appearance and application 
to transformers. Their function, like that of any transformer, is to 
accept an imput of some specified A.C. voltage and to provide an output 
of the same or some different voltage. They may also provide electrical 
D.C. isolation between imput and output. The important characteristic 
differentiating voltage regulators from other transformers is their 
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ability 14o provide a constant output voltage with widely varying imput 
voltage. 
Voltage regulators are used wherever a device must be operated 
on a constant voltage for proper performance and where aTaUable A.C. 
line voltage varies. with time. Since there is some variation on almost 
every A. C. line, some form of voltage regulator must be used with all 
types of equipment which are sensitive to changes in imput voltage. 
I There are two important classes of purchasers. First, many 
voltage regulators are sold directlY to users who install them to feed 
electronic equipment in cases in 'Which,. otherwise, operation would be· 
impaired. For example, biological laboratories use voltage regulators 
to provide a constant voltage for operation of spectrophotometers. 
The second tJPe of customer is the original equipment manufac-
turer who either builds the voltage regulator into his equipment or re-
sells it as an accessory to his equipment. ~ray equi:pment manufacturers 
sometimes use voltage regulators as sources of filament voltage for x-ray 
tubes. A particularly important equipment manufacturer application is 
use in place of the conventional power transformer in an electronic 
equipment such as an oscilloscope. Here the operation ot the equipment 
depends on a constant voltage being supplied to the various circuits. 
The use of a ferro-resonant voltage regulator eliminates the need for 
complicated and expensive voltage regulating circuitry. 
2. The Marketing Situation 
Raytheon claims to be the originator of the ferro-resonant 
voltage regulator and held many of the early and now expired patents. 
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Before World War II Raytheon manufactured. about three-quarters of the 
voltage regulators sold in the United States. During World War II the 
Company was extremely active in the war effort and as a result made 
little effort to pr:-omote the sale of voltage regulators. After the War, 
while the Company again offered its voltage regulator line, it did not 
place heavy emphasis on it, preferring to push more glamourous products 
such as marine ftd.ar. Limited sales effort combined with little new 
engineering together opened the wq for Sola Electric Company of Chicago. 
Sola offered a product similar to R~eon' s from an engineer-
ing standpoint, but with minor user advantages. It is likely that the 
Sola unit was slightly less apensive to manufacture. Sola sold through 
a comprehensive organization composed partly of comp~-staffed sales 
offices and partly of independent manufacturers' representatives. As a 
result primarily of better field selling, Sola rose to a position of 
dominance in the business and by 1960 had captured some 70% of the 
market.9 The balance of the market was covered by Raytheon with 20% and 
others with 10%. 
In selling to the voltage regulator market a vi tal ditference 
existed between Raytheon and Sola. Sola made a practice of standing 
ready to manufacture any custom version of the basic product which a 
customer might wish. It is estimated ~hat 60 to 80% of their business 
was custom. 
Raytheon concentrated on selling their ver,y limited standard 
line and only perhaps 10% of their sales were of nonstandard items. 
Raytheon followed this course out of economic necessity. It was f'oUJld 
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to be impossible to build most custom units profitably if the7 were to 
be sold in competition with Sola. Since Raytheon had no important sales 
advantages and since Sola was so well known and respected that they were 
alJJ'r)st invariably asked to bid on custom jobs, Raytheon had little choice 
but to emphasize their standard line. Here the business was a:>mewhat 
more desirable because of the longer production runs involved, but it 
was still marginal from the profit standpoint. 
The R~eon situation was one of a slightlY inferior product, 
one unprofitable to manuf.'acture, a declining share or the market, and 
inabill ty to compete in the major portion of the market which was made 
up or custom designs. If the Company was to continue in the voltage 
regulator business, these problems had to be solved • 
.3. The Standardization Effort 
The solution decided upon for the problems stated above was 
twofold: First, a new basic design was engineered and, second, a method 
or obtaining profitable custom business was evolved. 
It was found that no design concept could be made a:vailable 
which was better than the Sola approach either from the viewpoint of 
product ad.vantages or manufacturing cost. Therefore, inasmuch as the 
Sola patents had expired, it was decided to introduce a product almost 
identical design-wise to _Sola's. The result was that Raytheon was de-
pending entirely on manufacturing and engineering economies and on the 
marketing program to recapture a satisfactory share of the market. 
The principal feature o:f the marketing program, termed "Pro-
gram 2020" was the 11Selection Guide", a copy of which is included at the 
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end of this Appendix. The "Seleetion Guide 11 and the standard designs on 
llhich it was based had these goals: 
1. The "Selection Guide" publication was to provide 
a catalog for customers• use 1n ordering 
stock items. These items were simply new 
versions of those sold previously and the 
two were generally' interchangeable. 
2. The "Selection Guide" and the standard design 
were to provide a means of allowing Raytheon 
to become competitive in the custom area. 
The lower manufacturing costs o£ the stand-
ardized redesigned line were intended to 
allow profitable operation even on Slilall 
qnantit;r orders because the amounts of engi-
neering, special part procurement, and pro-
duction operator learning time required were 
very much reduced. 
). The "Selection Guiden was to simplify customer's 
ordering procedure by providing a simple 
means of identifying and transmitting to the 
factar,y the required product characteristics. 
4. The use of the "Selection Guide" was to reduce 
selling expense by eliminating extensive fac-
tory-customer communication in which previously 
the salesman played an important role. 
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S. While the product was not importantly better than 
the competitor• s, it was somewhat better than 
the previous Raytheon type. This was expected 
to make the selling task easier. 
6. By providing for the customer a means of ordering 
a previously custom item at low cost and little 
effort on his part, it was anticipated that a 
strong advantage in selling prototypes would 
be secured. This would later result in facil-
itating the sale of higher production quantities. 
7. Quicker deliveries were to be possible. 
The design of the "Selection Guide" was started by product 
planning and adlfertising even before the engineering 'WOrk was done. The 
result was that standard units were designed to fit exactly the Comp&DT' s 
assessment of market requirements. The standard designs, based on the 
IISelection Guide" requirements, provided all of the models thought to be 
needed to satisfy about 80% of the market. It was believed to be im-
practical to satisfy the balance of the market ldtb. a standard line be-
cause the wide diversity of these applications would require too many 
standard items. As a result the "Selection Guide" included a reference 
to the ability to do true custom designs. 
When the design and prototype wrk were complete and the manu-
facturing facility was ready to fill orders, the promotion effort began. 
News releases were issued and soon thereafter extensive space advertising 
in trade publications began. The advertising and news releases were 
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based largely on the concept of the •Selection Guide" and standardiza-
tion rather than on p~duct advantages, the much mre common approach. 
Prospective customers were invited to send for the "Selection Guide". 
Arrangements were made to reply rapidly to requests for the 
"Selection Guide" and to handle •Selection Guide" item price requests 
promptly. The latter was required because on account of the newness of 
the line it was decided that quantity prices could not initially be pub-
lished for "Selection Guide" items. 
In order to indoctrinate the field sales force into the advan-
tages of' the "Selection Guide• to both the customer and themselves, the 
Sales Manager f'or Voltage Regulators made a nation-wide trip talking to 
all field sales personnel. At this point field selling began. 
4. The 1tesults of the Standardization Program 
The first evidence of results came from the field sales force. 
A Company marketing executive stated that he had never before seen such 
enthusiasm f'or a new program on the part of the salesmen. They felt 
that at last they had a product line that they could sell suecessfully 
against Sola. 
Returns from the advertising campaign were somewhat disappoint-
ing in terms of inquiries received. Many previous advertisements had 
brought better numerical results. The salesmen followed up each in-
quiry, however, and it was found that the "qualitY" of the leads was 
better than usual. The result was that a large number of real prospects 
were found. 
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A matter ot greatest importance was the question o£ price com-
petitiveness. Each "Selection Guide" quotation was watched closely and 
wherever possible the amount of the Sola bid was obtained. The following 
hypothetical example is typical of the contrast between Rqtheon pricing 
before the "Selection Guide•, Raytheon pricing using the "Selection Guide" 
and Sola 1 s custom quotation. The example is based on a typical proto-
type requirement .tor a quantity of four sixty-watt units. The three 
prices are for electrically and mechanicall.y interchangeable products. 
(1) !aytheon Custom Quotation Before Design of the 
11 2020" Line and Introcmction of the "Selection 
Guide": 
Selling Price = 1.5 (Base Cost ... Setup Cost/4) 
= 1.5 ($17.00 + $100.00/4) = $6,3.00 
(2) Rqtheon "Selection Guide• Published Price: 
Selling Price : $)8. 00 
(.3) Sola Quotation: 
Selling Price = $4$.00 
Raytheon 1 s previous price ot $63.00 would probably not have 
been profitable and yet was considerably higher than that of the Com-
pany• s principal competitor, ~la Electric Company. The new price for 
the "Selection Guide• item, a price sufficiently below that of the com-
petition to assure Raytheon of the order in most instances, was believed 
to be high enough to result in adequate profit. 
So far as can be determined, the use of the "Selection Guide• 
by Raytheon has not resulted in lower Sola quotations. It is believed 
that Sola• s costs are high enough to preTent extensive reductions and 
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will remain so as long as they continue the practice of custom design-
ing for each individual customer. 
It was particularly interesting to Raytheon to observe the 
high percentage of old and new customers who, hearing about the •2020" 
line, were wUling to modi.t)r their specifications slightly in order to 
fit one of the "Selection Guide• items. 
The design standardization program has had a marked effect on 
engineering and manufacturing costs. Previously a custom design required 
engineering effort averaging one man-day for an experienced senior engi-
neer. Using the standard design the equiv,alent task can be done by a 
junior technician in half an hour. .A substantial decrease in necessar.r 
parts invento17 has resulted as well. 
Because the line has been offered for only a few months, it is 
impossible to report precise results as to effect on sales volume and 
profitability. It is said, however, that volume is markedly improved 
and profitable operation is anticipated. Raytheen personnel are enthu-
siastic about the success of the program and plan to use the •Selection 
Guide" approach with other products. 
MAGNETIC VOLTAGE 
REGULATORS 
• 2,020 standard models from 10 VA to 10,000 VA, 
available for prompt delivery. 
• Four case styles for maximum flexibility of application. 
• Compact, rugged, dependable. 
• No tubes, no moving parts- nothing to service or replace. 
CATALOG 4-265 
• Output stabilized to within -+- 1 %. 
• Isolated secondary windings on all models. 
• Negligible external field. 
• Protection against short circuits. 
• Protection against voltage surges. 
POWER SUPPLY & VOLTAGE REGULATOR OPERATIONS 
RAYTHEON 
MAGNETIC VOLTAGE REGULATORS 
Raytheon magnetic voltage regulators are used wherever 
variations in line voltage may affect the performance or 
operating life of electrical and electronic equipment. 
Compact, economical and extremely rugged, they utilize 
a ferroresonant circuit which permits accurate stabili-
zation without moving parts, vacuum tubes or other 
limited-life elements. 
Comprising 2,020 models, the world's most extensive 
line of standard voltage regulators, are available in a 
wide variety of voltage and power ratings for AC line 
regulation, lamp and vacuum-tube filament supplies, and 
DC power supply applications. All models include isolated 
secondary windings, and provide stabilization of output 
voltage to within ± 1% with input variations of uo 
to ± 15% or more. Harmonic filtered units are available 
where sinusodial output is required. Standard models 
may be ordered with up to three secondary windings. 
Most standard Raytheon regulators are available in any 
of four case styles, providing exceptional flexibility of 
application and installation. 
figure I figure 2 figure 3 
10-500 VA Above 500 VA 
Apparatus Style - Entirely self-contained; includes built-in ca-
pacitor; line and load connections made internally; line cord-and-
receptacle plate available for models up to 500 VA. 
n 
Component Style - Upright, 
transformer-type construction; 
designed primarily for chassis 
mounting; includes separate 
capacitor. 
Open Style - Similar to Com-
ponent style, but without end bells; 
suitable for installation within 
chassis or in enclosed areas. En-
capsulated style - for extreme 
environmental conditions. 
GENERAL SPECIFICATIONS 
OUTPUT STABILIZATION 
When operating from a 60 cycle, 1 0 line into a unity 
power factor load RMS output voltage is held to 
within ±1% of nominal value with input voltage 
varying within specified range. (See figure 4). 
INPUT VOLTAGE RANGE 
95-130 volts, 60 cycle 1 0, for all units up to 1000 VA 
output rating. Standard units above 1000 VA will 
accept three input voltage ranges: 95-130/175-235/ 
190-260. 
OUTPUT RATINGS 
Standard models are available with any of 31 
different output voltages, ranging from 2.5 to 1055 
volts RMS. Up to three secondary windings may be 
ordered from the standard line, with total output 
ratings of from 10 VA to 10 KV A. (Note: In 
measuring the output voltage of a magnetic regu-
lator, a voltmeter which provides indication propor-
tional to true RMS voltage should be used: e.g. 
dynamometer, iron vane, thermo<:ouple and electro-
static types). 
RESPONSE SPEED 
Regulation is accomplished within two cycles. 
Transients and voltage fluctuations can not be 
detected by most voltmeters. 
AMBIENT TEMP"ERATURES 
All models are designed to operate within an ambient 
temperature range of -10°C to +40°C. 
LOAD REGULATION 
Following are representative values of regulation 
from no-load to full-load: 
Output Rating 
15 VA 
30 VA 
60 VA 
125 VA 
250 VA 
500 VA 
1000 VA and over 
OUTPUT WAVEFORM 
% Regulation 
(no load to full load) 
6.0 
5.0 
3.0 
2.0 
2.0 
2.0 
1.5 
The output of standard, normal-waveform models 
has a harmonic content of between 20 and 25%, 
which is suitable for most applications. For those 
cases where sinusoidal output is important, standard 
sinusoidal units provide a waveform having a total 
maximum harmonic content of 3%, at full rated load. 
OVERLOAD P"ROTECTION 
Because they are self-protecting, Raytheon regu-
lators cannot be damaged by overload or by con-
tinuous short circuit across the output terminals. 
Output current is limited to about 200% of rated 
load. (See Figure 5). 
OP"ERATION AT SEVERE 
UNDER-VOLTAGES 
Where input voltages drop below the rated limit of 
the regulator, a unit of approximately double the 
required power rating should be selected. By using 
a regulator at 50% capacity, 1% stabilization can 
be maintained normally over an input range greater 
than 70 to 130 volts. (See Figure 4). 
APPARATUS RVA-60 60 95·130 117 8·1 9 
STYLE RVA-125 125 95·130 117 C·1 RVA-250 250 95·130 117 C·1 
(NORMAL WAVEFORM) RVA-500 500 95-130 117 C·1 
RVA-1000 1000 95-130 117 0·1 
RVA-2000 2000 95-130/175-235/190-260 0·1 
RVA-3000 3000 95-130/175-235/190-260 
COMPONENT RVC-15 
STYLE RVC·30 30 95·130 RVC-60 60 95·130 117 8 
(NORMAL WAVEFORM) RVC-125 125 95·130 117 12 
RVC-250 250 95-130 117 22 
RSA-250 250 95·130 117 C-3 8 28 
RSA-500 500 95·130 117 C-3 10% 43 
RSA-1000 1000 95·130 117 0·3 22 86 
RSA-2000 2000 95-130/175-235/190-260 117/234 0·3 26 124 
COMPONENT STYLE 
Ntdde Ybt11t Rl?llw~ R~~ FMm AmoN§ TleM~ 
2020 STANDARD RAYTHEON REGULATORS 
With the variety of standard designs and ratings provided by the Raytheon line, it is no 
longer necessary to order "specials" at higher cost and extra-long delivery. The convenient 
'Uoltage re,gulator selection guide makes it possible to select any one of 2020 standard models 
to meet virtually any requirement. If your specifications are not met by one of the stock 
models listed on the preceding page, you will almost certainly match them from the guide 
listings. All models listed are available for prompt delivery, and are low in cost. Each of 
these standard voltage regulator models is specified and ordered by a COMPOSITE 
CATALOG NUMBER which summarizes the basic electrical characteristics of the unit. By 
setting down your requirements in the following manner, you can quickly and easily 
produce the catalog number which specifies the regulator you need! 
SPECIFY YOUR REGULATOR BY THESE 4 SIMPLE STEPS 
APPARATUS STYLE In 
ratings) - includes self-contained capacitor; 
core laminations oriented parallel to base; access 
door permits convenient line and output connec-
tion; cord-and-plug assembly available as acces-
sory. Apparatus style is frequently used for line 
regulation where a self-contained, integral unit 
is desired. Designate RVA. 
COMPONENT STYLE (available in all ratings 
up to 500 VA) - Upright/end-bell construction; 
adjustable mounting brackets permit vertical or 
horizontal mounting; separate capacitor with 
mounting clamps supplied; color-coded wire leads 
extend from hole in end bell. Component style, 
generally chassis-mounted is used in filament and/ 
or power supply applications. Designate RVC. 
OPEN STYLE (available in all ratings up to 
500 VA) - Similar to Component style, but 
without end bells; lower in cost; suitable for 
mounting within equipment chassis. Designate 
RVO, 
ENCAPSULATED STYLE (available in all 
ratings up to 500 VA) - Similar to Open style, 
but with coils encapsulated in epoxy resin in 
general conformance with MIL-T-27A (Grade 2). 
Designate RVM. 
STEP I 
CASE 
TOTAl OUfPUl' 
RATING 
STlP til 
FIRST 
$1CQNDAIY 
When only one secondary winding is required this 
standardized output rating is indicated automatically 
by the Selection Guide after appropriate voltage and 
current values have been selected as described in 
Step III below. When more than one secondary 
winding is used add the indicated VA ratings of 
the individual windings. If this sum falls between 
listed values, select the higher of the two. 
as 
Secondary Voltage: Find the appropriate AC 
voltage in the " AC VOLTS" column at the 
left of the Selection Guide. 
Secondary Current: Move along the voltage row 
selected above to the desired AC "AMPS" value. 
If the desired current falls between listed values, 
select the hext higher value. 
At the top of the "AMPS" column thus selected is 
the corresponding standardized volt-ampere rating 
of the winding. 
EXAMPLE: A line voltage regulator with built-
in capacitor, having an output of 230 volts at 
1 ampere, is snecified as follows: 
RVA250(N230/t.l), 
where RVA = Apparatus style; 250 = Output 
VA rating read from Selection Guide; N in-
dicates unrectified output; 230 = desired output 
voltage; and 1.1 = next higher listed AMPS 
value above desired 1 amp. value. 
SECOND 
SECONDARY 
STEPJV 
Ttlllll 
SECOIIJARY 
(ff ......... 
( c 530/.14) ( N l 5.0/3.0) 
S.TANDARD LIST£D VALUE 
{SEE . STEPS t1 AND Ill ABOY!J 
APPARATUS = RYA 
COMPONENT = RYC 
OPEN= RYO 
ENCAI'SUlA'fED = RYM 
lOAD INDIOTOI 
U: UNfilTERED (REC'flft!l)} 
C:. CAI'ACI'fOI INPU'f (RECTIFIED) 
1: 0101£ INPU'f (RECTIFIID) 
N: UNRECTIFIED 
STANDARD 
VOLTAGE 
REQUIRED 
+ 10fo Line Voltage Regulators 
Useful in a broad variety of applications, 
these compact units provide a highly de-
pendable source of stabilized power at 
standard line voltages. Ideal for use with 
communications equipment, constant speed 
motors, precision laboratory apparatus, etc. 
AC VOLTS 
117 
208 
AMPS AMPS 
.09 .13 
.05 .07 
.04 .07 
AMP$ AMPS AMPS 
.21 .26 .34 
.12 .14 .19 
.11 .13 .17 
AMPS AMPS AMPS AMPS AMPS AMPS AMPS 
.43 .51 .64 .77 .85 1.1 1.2 
.24 .29 .36 .43 .48 ,60 .65 
.22 .26 .33 .39 .43 .54 .59 
AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS 
1.3 1.5 1.7 2.1 2.6 3.4 • 4.3 6.4 8.5 12.8 17.1 21.4 25.6 42.7 84.1 85.5 
.72 .84 1.0 1.2 1.4 1.9 2.4 3.6 4.8 7.2 9.6 12.0 14.4 24.0 36.0 48.0 
.65 .76 .87 1.1 1.3 1.7 2.2 3.3 4.3 6.5 8.7 10.9 13.0 21.7 32.6 43.5 
± 10fo Filament Voltage 
Regulators 
AC VOLTS AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS AMPS 
Output voltages provided for all standard 
vacuum tube and lamp filament require-
ments. Equipment performance is improved 
where line voltage is low . . . tube life is 
extended by eliminating over-voltages and 
voltage surges. 
.:!: 10fo Power Supply 
Voltage Regulators 
Particularly well-suited to use with 
silicon and germanium rectifiers, these 
regulators protect power supply cir-
cuitry against momentary voltage 
surges and against damage from 
internal short circuits. Provide 
regulated voltages, with cost and 
size comparable to ordinary power 
transformers. 
Full Load DC Volts at input to 
filter calculated with the following 
assumptions: 
1. Silicon or germanium rectifiers 
2. Capacitor input filter 
3. Up to 50 volts DC - full wave 
center-tap circuit 
Above Sl) volts DC - full wave 
bridge circuit 
2.5 CT 4.0 6.0 10.0 12.0 16.0 20.0 24.0 30.0 36.0 40.0 50.0 54.0 60.0 70.0 80.0 100 120 
5.0 2.0 3.0 5.0 6.0 8.0 10.0 12.0 15.0 18.0 20.0 25.0 27.0 30.0 35.0 40.0 50.0 60.0 80.0 100 150 
6.0 1.6 2.5 4.2 5.0 6.7 8.3 10.0 12.5 15.0 16.7 20l8 22.5 25.0 29.2 33.3 41.7 50.0 66.7 83.3 125 
6:'3 CT 1.6 2.4 3.9 4.7 6.3 7.9 9.5 11.9 14.2 15.9 19:11 21.4 23.8 27.8 31.7 39.7 47.6 63.5 79.4 119 
7.5 1.3 2.0 3.3 4.0 5.3 6.7 8.0 12.0 13.3 16.7 18.0 20.0 23.3 26.7 33.3 40.0 53.3 66.6 100 133 
2.3 6.9 1.4 2.2 3.6 4.3 5.8 7.2 8.7 10.9 13.0 14.5 18.1 19.6 21.7 25.4 29.0 36.2 43.4 58.0 72.5 109 145 
3.0 8.4 CT 1.2 1.8 3.0 3.6 4.8 5.9 7.1 8.9 10.7 11.9 14.9 16.1 17.9 20.8 23.8 29.8 35.7 47.6 59.5 89.3 119 
4.5 11.5 CT .87 1.3 2.2 2.6 3.5 4.3 5.2 6.5 7.8 8.7 10.9 11.7 13.0 15.2 17.4 21.7 26.1 34.8 43.5 65.2 87.0 130 
5.6 13.9 .72 1.1 1.8 2.2 2.9 3.6 4.3 5.4 6.5 7.2 9.0 9.7 10.8 12.6 14.4 18.0 21.6 28.8 36.0 54.0 71.9 108 144 
6.3 15.3 CT .65 .98 1.6 2.0 2.6 3.3 3.9 4.9 5.9 6.5 8.2 8.8 9.8 11.4 13.1 16.3 19.6 26.1 32.7 49.0 65.4 98.0 130 
9.0 21.0 CT .48 .71 1.2 1.4 1.9 2.4 2.9 3.6 4.3 4.8 6.0 6.4 7.1 8.3 9.5 11.9 14.3 19.0 23.8 35.7 47.6 71.4 95.2 119 143 
12.0 27.6 CT .36 .54 .91 1.1 1.4 1.8 2.2 2.7 3.3 3.6 ~5 4.9 5.4 6.3 7.2 9.1 10.9 14.5 18.1 27.2 36.2 54.3 72.5 90.6 109 
16.0 35.7 CT .28 .42 .70 .84 1.1 1.4 1.7 2.1 2.5 2.8 :is 3.8 4.2 4.9 5.6 7.0 8.4 11.2 14.0 21.0 28.0 42.0 56.0 70.0 84.0 
21.0 46.0 CT .22 .33 .54 .65 .87 1.1 1.3 . 1.6 2.0 2.2 ~7 2.9 3.3 3.8 4.3 5.4 6.5 8.7 10.9 16.3 21.7 32.6 43.5 54.3 65.2 
25.5 55.5 .18 .27 .45 .54 .72 .90 1.1 1.4 1.6 1.8 13 2.4 2.7 3.2 3.6 4.5 5.4 7.2 9.0 13.5 18.0 27.0 36.0 45.0 54.1 
I 
28.0 61.0 CT .16 .25 .41 .49 .66 .82 1.0 1.2 1.5 1.6 ZO 2.2 2.5 2.9 3.3 4.1 4.9 6.6 8.2 12.3 16.4 24.6 32.8 41.0 49.2 
~:g 77.5 CT .13 .19 .32 .39 .52 .65 .77 1.0 1.2 1.3 1f6 1.7 1.9 2.3 2.6 3.2 3.9 5.2 6.5 9.7 12.9 19.4 25.8 32.3 38.7 
I 
48.0 1 03 CT .1 0 .15 .24 .29 .39 .49 .58 . 73 .87 1.00 1t2 1.3 1.5 1.7 1.9 2.4 2.9 3.9 4.9 7.3 9.7 14.6 19.4 24.3 29.1 
117 123 .08 .12 .20 .24 .33 .41 .49 .61 .73 .81 1f01 1.1 1.2 1.4 1.6 2.0 2.4 3.2 4.1 6.1 8.1 12.2 16.3 20.3 24.4 
130 138 .07 .11 .18 .22 .29 .36 .43 .54 .65 .72 1.91 .98 1.1 1.3 1.4 1.8 2.2 2.9 3.6 5.4 7.2 10.9 14.5 18.1 21.7 
I 
150 160 .06 .09 .16 .19 .25 .31 .38 .47 .56 .63 l 7B .84 .94 1.1 1.3 1.6 1.9 2.5 3.1 4.7 6.3 9.4 12.5 15.6 18.8 
200 208 .05 .07 .12 .14 .19 .24 .29 .36 .43 .48 1.60 .65 .72 .84 1.0 1.2 1.4 1.9 2.4 3.6 4.8 7.2 9.6 12.0 14.4 
250 265 .04 .06 .09 .11 .15 .19 .23 .28 .34 .38 .47 .51 .57 .66 .75 .94 1.1 1.5 1.9 2.8 3.8 5.7 7.5 9.4 11.3 
300 320 .03 .05 .08 .09 .13 .16 .19 .23 .28 .31 .39 .42 .47 .55 .63 .78 .94 1.3 1.6 2.3 3.1 4.7 6.3 7.8 9.4 
400 425 .02 .04 .06 .07 .09 .12 .14 .18 .21 .24 ,.29 .32 .35 .41 .47 .59 .71 .94 1.2 1.8 2.4 3.5 4.7 5.9 7.1 
500 530 .02 .03 .05 .06 .08 .09 .11 .14 .17 .19 .24 .25 .28 .33 .38 .47 .57 .75 .94 1.4 1.9 2.8 3.8 4.7 5.7 
I 75o 79o .o1 .o2 .o3 .o4 .os .os .os .1o .11 .13 r1 6 .17 .19 .22 .25 .32 .3s .s1 .63 .95 1.3 1.9 2.5 3.2 3.8 
1000 1055 .01 .01 .02 .03 .04 .05 .06 .07 .09 .09 ~-1 2 .13 .14 .17 .19 .24 .28 .38 .47 .71 .95 1.4 1.9 2.4 2.8 
140 
109 
90.1 
82.0 
64.5 
48.5 
40.7 
36.2 
31.3 
24.0 
18.9 
15.6 
11.8 
9.4 
6.3 
4.7 
APPARATUS 
STYLE DIMENSION X !See Designated Drwg . l 4¥, 6 4~, ~. 57A, 67't, sv. 5% 5",'. 6¥,, 6r,, 61~. 61¥,, 7~. 7r,, 7'1, a~. Br,, 9r,, 10'1, 13'12 14'h 15 16'12 18'12 19% 22 
COMPONENT, OPEN 
AND ENCAPSULATED 
STYLES 
APPROX. SHIPPING WEIGHT Ubs.l 3 
DIMENSION DRAWING !See 'Page s1 A-2 
DIMENSION X !See Designated Drwg .J 1f,6 
APPROX. SHIPPING WEIGHT Ubs.l 3 
3 4 5 6 7 9 
A-2 A-2 A-2 A-2 B-2 B-2' 
2~6 21Y,6 3~. 31y, 6 21~ 6 2rr,, 
3 4 5 6 7 8 
10 10 12 14 
B-2 C-2 C-2 &-2 
3~. 2'h 2'!2 2% 
" 
9 8 10 h2 
16 18 20 22 24 27 34 39 49 59 71 86 101 124 300 
C-2 C-2 C-2 C-2 C-2 C-2 C-2 C-2 
2",1. 3 3'h 3'!2 4 4112 5'12 6'12 
14 16 18 20 22 25 32 37 
135 
123 
96.8 129 
72.8 97.1 
61.0 81.3 
54.3 72.5 
46.9 62.5 
36.0 48.0 
28.3 37.7 
23.4 31.3 
17.6 23.5 
14.2 18.9 
9.5 12.7 
7.1 9.5 
18 22 
580 620 
• 
6 
7 
POWER SUPPLY 
APPLICATION 
OF RAYTHEON VO.LTAGE REGULATORS 
R'lytheon Regulators offer significant advantages to 
the designer of DC power supplies. Protection of 
circuits and components, savings in space and cost, 
flexibility of mounting, accurate stabilization, .and 
other features have led to the growing us,e of 
magnetic regulators in substitution for standard 
power transformers. 
USE WITH VACUUM TUBE RECTIFIERS 
For vacuum tube rectifiers, plate-filament type regu-
lators are available which replace the usual plate-
filament transformer. These units provide closely 
stabilized high voltage for tube operation, together 
with the required filament power - yet cost little 
more than the transformer they replace. Tube life 
is extended significantly, and elaborate regulating 
circuits can be eliminated with substantial savings 
in space and cost. 
USE WITH SEMICONDUCTOR RECTIFIERS 
Their stabilizing and automatic current-limiting 
characteristics make Raytheon power supply regu-
lators particularly well-suited for use with silicon 
and germanium rectifiers. The use of these superior 
rectifiers is often limited because of their suscepti-
bility to failure due to current and voltage surges. 
A Raytheon magnetic regulator in the circuit elimi-
nates the pos.~ibilty of damage from incoming 
transient voltage peaks or excessive currents caused 
by internal or ex ternal short circuits, etc. 
For the same reason, Raytheon regulators are also 
widely used in transistor circuits. 
CONSIDERATIONS IN APPLYING MAGNETIC 
REGULATORS TO POWER SUPPLY DESIGN 
When employing a magnetic voltage regulator in a 
semi-conductor rectifier circuit, it is usually most 
advantageous to use a full wave, center-tap con-
figuration for outputs up to 50 volts DC, and a full-
wave bridge for outputs above 50 volts DC. 
An important feature of the magnetic voltage regu-
lator in power supply design is the form of the 
output wave when working into a capacitor-input 
filter. Under these conditions the output is approxi-
mately a square wave and as a result, the size of 
the input filt er capacitor can be reduced to approxi-
mately % the value required with a transformer 
having a sine wave output. 
SELECTING POWER SUPPLY REGULATORS 
Raytheon standard power supply regulators (as 
listed in the Selection Guide) have been chosen for 
convenient selection on the basis of commonly-used 
DC power supply output voltages. The shaded 
column to the left of the chart indicates the DC 
output voltage which will be produced by the corre-
sponding AC rating under the following recom-
mended conditions: Silicon or germanium rectifiers; 
full-wave center tap circuit up to 50 volts DC; 
full wave bridge above 50 volts DC; Capacitor 
input filter. 
Other circuits and circuit elements can, of course, 
be used, but the resulting DC output voltage will 
differ from that shown in the Selection Guide. For 
details consult Raytheon. 
Assuming that the required DC voltage and current 
are known, the following simple procedure may be 
used in selecting a regulator for a DC power 
supply application: 
EXAMPLE 
To design a power supply having the foll<'W-
ing requirements: 
E,)(' 
I oc 
Ripple 
DESIGN APPROACH 
150 Volts 
0.75 Amps 
1% RMS 
1. Use a regulator to compensate for AC in-
put voltage variations, and to fu:;.·nish short 
circuit protection. 
2. Use a full wave silicon bridge rectifier. 
3. Use a capacitor input filter for ripple 
attenuation. 
4. Regulator to be "Component" style for 
chassis mounting. 
5. Circuit diagram: 
1. Determine the corresponding AC current rating 
of the regulator by the relation; 
lAC = Ioc x (1.4) Full Wave Bridge-
capacitor input filter. 
lAC = Ioc x (1.0) Full Wave Center Tap-
capacitor input filter. 
2. Enter the Selection Chart at the appropriate 
voltage in "Full Load DC Volts" column. 
3. Move along the voltage row to the AC "Amps" 
value determined under Step 1 above. If the 
current value falls between listed values, select 
the next highest rating. 
4. Read off the corresponding standard VA rating, 
and write the standard catalog designation as 
desoribed on page 4, using AC voltage and 
current values. 
{{] 
VR CAP 
(FURNISHED) 
60CPS 
lAC 
+150VDC 
IA\0.75A 
.1. I 
For a full wave bridge rectifier with capacitor 
input filter 
I •c = I oc X 1.4 
lAc = 0.75 x 1.4 = 1.05 amps (RMS) 
From the Selection Guide (using "FULL 
LOAD DC VOLTS" = 150) 
E Ac = 160 volts RMS 
Following across the "160 AC VOLTS" row 
the standard Amps rating next greater than 
the value 1.05 amps computed above is found 
to be 1.1 amps. The corresponding VA rating 
at the top of the column is 175 VA. Thus the 
standard regulator fulfilling the above require-
ments is designated: 
RVCt715(Ct60/ t.t), 
8 
DIMENSIONS 
A-1 
D-1 
II 4Ya ± y,, 'I 
5~ ± y,, 
-< 
-211 ± 1-\, 
ta
\12 1--1 
I 
x'± v. 
D Motting Slots 
L ...! "'--~ X %> 11f2 ±'4· ' 
I 
X 
1 9 
A- 2r~ CSlll !' ~ 
2'11• ± y,, 
-~" ~1 
t---- 4"h> ± y,, ---1 
~' X '4 
f- X 
C-3 
r 1 --r 
I I J L~ I' 10% _l ~ "" --ll~ ~x,,- ru·: 
NOTE: For variable dimension "X" refer to pages 3 and 5 under 
appropriate VA output rating. 
B- 1 
P---- 5% ± v., ____jJ 
l--- 5'l'a ± 1-\,·_____j 
--< 
3 11 ± y., ·~14 . : 
X+ 'Is 
q Mol"'""" L ...1 '- %,X'>, 2'h ± '4. 
E -1 
15 t-- 151 
X 
B-2r~ ~l / '""': 
\... J\S, ± 1-\, 
,f) 6]J 
' · 41 '14 X 3fs Va ± y,, -i 
t--x----1 1j, 
D-3 
%X% 
~ j_.,___J I 
tol===:'....l L-._J 
C-1 
L 
[5~ 
X ± 'I• 
,§6.L", "·· ~-"~'X''%' 
F -1 
r-29'12~ r 15' 
"' m1 " 
X 
-~1 
4% ± y., 
-~ ~1 I 1--- 7Va ± :.~, ----1 
'¥" 
r-- --1 
x± 1-1. 
~~. 
Series 
2020 
1 
Jo/,,±V.. 
MOUNTING 
CLAMP 
(FURNISHED) 
2 
MOUNTING 
CLAMP 
(FURNISHED) 
2~ ±v.. 
TYPICAL VOLTAGE REGULATOR 
SCHEMATIC DIAGRAM 
VR CAPACITOR 
(FURNISHED) 
I~ 
Raytheon RD Power Supplies provide both line and 
load regulation in a dependable, low-cost package. 
Simple in design, RD Supplies use ferroresonant 
(magnetic) voltage regulation, full-wave silicon 
diode rectifiers and capacitive input filters. 
Excellent voltage regulation is attained through the 
use of precise line regulating transformer in con-
junction with low forward drop silicon rectifiers. 
Ideal power supply companions, the ferroresonant 
regulator safely protects the silicon rectifiers from 
either line or load surges. Filtering is provided by 
a capacitive input filter which reduces output ripple 
to within 0.5 to 1.0% depending upon model. 
Raytheon offers prompt delivery on all RD regulated 
power supplies. There are 132 models available, 
many from stock, with voltages from 3 to 1000 and 
output wattage from 50 to 3000. 
Request Product Data 4-290 for details. 
OUTPUT 
ou~:ur I CAP I HEIGHT 
(VA) DRAWING (Y) 
10 1 2Y4 
15 1 2V4 
25 1 2Y4 
30 1 2V2 
40 1 2Y2 
50 1 
60 1 
75 1 
90 1 
100 1 
125 1 
135 2 4¥4 
150 2 3~, 
175 2 2% 
200 2 3% 
250 2 3% 
300 2 45/a 
400 2 5Ya 
500 2 6o/a 
Line cord-and-receptacle plate avail-
able for Apparatus-style voltage 
regulators through SOO VA. 
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p, 
MAGNETIC VOLTAGE REGULATORS 
and· 
REGULATED POWER SUPPLIES 
I. STANDARD VOLTAGE REGULATORS- Available From Stock 
STANDARD LINE VOLTAGE REGULATORS (+1% STABILIZATION) 
STYLE 
RYA;15 15 95·130 117 3 $15.00 
RVA-30 30 95·130 117 5 20.00 ftJ RVA·6D 60 95-130 117 • 25.00 APPARATUS RVA-125 125 95-130 117 14 33.00 STYLE RYA·250 250 95·130 117 24 49.00 RVA·50D 500 95·130 117 39 77.00 (NOIMAL RVA·1000 1000 95-130 117 59 128.00 
WAYEFOIM) RVA-2000 2000 95-130/175-235/190-260 117/234 86 232.00 
RVA-3000 3000 95-130/175-235/190.260 11 315.00 
95-130 14.00 
95-130 16.00 
u 95-130 21.00 (NOIMAL 95·130 29.00 WAYEFOIM) 45.00 
APPARATUS ~ RSA·25D 250 95-130 117 28 52.00 STYLE RSA-500 500 95-130 117 43 81.00 (SINUSOIDAL RSA-1000 1000 95·130 117 86 135.00 WAYEFOIM) RSA-2000 2000 95-130/175-235/190.260 117/234 124 245.00 
STANDARD FILAMENT VOLTAGE REGULATORS (+1% STABILIZATION) 
I I 
CATAlOG I OUTPUT INPUT OUTPUT APPROX \HIP lilT 
STYLE NUMBER VOlT-AMPS i VOlTAGE RANGE VOlTAGE WT IN lBI PRICE 
''" . ~--~~~ '"' APPARATUS STYLE 
COMPONENT STYLE 
tSeparate Car,acltor. 
ttPravides ± V2o/o StabiiiiiCitlaB. 
VR6101tt 
RVC 15-6.3 
RVC 30-6.3 
RVC 60-6.3 
30 
15 
30 
60 
95-130 
95-130 
95·130 
95-130 
6.0/7.5 
&.3 
6.3 
6.3 
7 
3 
5 
12 
11.00 
14.00 
16;00 
20.00 
STANDARD PLATE-FILAMENT VOLTAGE REGULATORS (+3% STABILIZATION} 
STYLE l I CATAlOG OUTPUT I lNP OUTPUT 1 APPROX \HIP NUMBER VOLT AMPS l VOl Tt.GE r ..,,"ivE VOlTAGE I WT IN lBI 
RVC41D-57D 40· 100-130 570VCT SOMA 5 $12.00 
6.3 VCT 2.5 A 
' 
of} 5.0 v 2.0 A I RVC7D-80D 70 100-130 800 VCT 110 MA 8 15.00 CPMPONENT STYLE 6.3 VCT 3.DA 5.0 V 2.0 A 
' RVC185·780 185 100-130 780 VCT 250 MA 19 27.00 
6.3 VCT 4.0 A 
6.3 VCT *8.0 A 
5.0 v 3.0 A 
*Unregulated 
I EFFECTIVE AUG. 15, 1960 
4-26~ 
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II. SERIES 2020 VOLTAGE REGULATORS- Available for Delivery 
in 8 Weeks or Less 
STYLE 
OUTPUT §:3 otJ m RATING 0 
APPARATUS IRYAl COMPONENT IRYC) OPEN IRYOl 
IYAl LIST PRICE LIST PRia LIST PRia 
10 $20.00 $18.00 $17.00 
15 23.00 21.00 20.00 
25 28.00 23.00 22.00 
30 30.00 24.00 23.00 
40 33.00 27.00 26.00 
50 35.00 29.00 28.00 
60 38.00 32.00 31.00 
75 41.00 35.00 34.00 
90 44.00 38.00 37.00 
100 46.00 40.00 39.00 
125 51.00 45.00 44.00 
135 53.00 47.00 46.00 
150 55.00 49.00 48.00 
175 60.00 54.00 53.00 
200 65.00 59.00 58.00 
250 75.00 69.00 68.00 
300 80.00 74.00 73.00 
400 100.00 90.00 89.00 
500 120.00 110.00 109.00 
750 150.00 
-- --
1,000 190.00 
-- --
1,500 270.00 
-- --
2,000 350.00 
--
2,500 410.00 
-- --
3,000 475.00 
-- --
5,000 735.00 
-- --
7,500 1,060.00 
-- --
10,000 1,390.00 
-- --
NOlE: Each Additional Secondary Winding: $3.50 
Ill. ACCESSORIES 
CORD PLUG ASSEMBLY - For attachmeat by customer 
MODEL VA LIST PRICE 
RCP-40 
RCP·75 
RCP·500 
10 to 40 VA 
41 to 75 VA 
76 to 500 VA 
$1.75 
$1.75 
$2.00 
m 
ENCAPSULATED IRYMl 
LIST PRia 
$20.00 
23.00 
25.00 
26.00 
29.00 
31.00 
34.00 
37.00 
41.00 
43.00 
48.00 
51.00 
53.00 
58.00 
64.00 
75.00 
80.00 
98.00 
120.00 
--
--
--
--
--
--
--
--
VOLTAGE REGUlATORS & POWER SUPPLIES PRICE LIST 4-265 I 
IV. TYPE "RD" POWER SUPPLIES 
50 WATT 100 WATT ' 200 WATT .. .. 3000 WATT 
MODEL PRICE MODEL PRICE MODEL PRICE MODEL PRICE MODEL PRICE MODEL PRICE MODEL PRICE 
3.0-18.7 $179 3.0-33.4 $228 3.0-88.7 $299 3.0-134 $414 
-- -- -- -- -- --
4.5·11.2 189 4.5-22.3 210 4.5-44.5 278 4.5·88.9 385 
-- -- -- -- -- --
6.3-8.0 i59 8.3·15.9 194 8.3-31.8 257 8.3-83.5 357 8.3-120 $549 8.3-239 $990 
-- --
9.0-5.8 147 9.0-11.2 179 9.0-22.3 236 9.0-44.5 328 9.0-83.4 490 9.11-167 880 
-- --
12-4.2 145 12-8.4 171 12·16.7 215 12-33.4 299 12-62.5 444 12·125 790 12·250 $1363 
16-3.2 142 18-6.3 183 16·12.5 194 16·25.0 270 18-46.9 397 18·93.8 700 18-188 1178 
21·2.4 140 21-4.8 161 21·9.6 189 21-19.1 261 21·35.8 389 21·71.5 655 21·143 1115 
28·1.8 137 28·3.6 158 28·7.2 184 28-14.3 253 28·26.8 353 28-53.6 610 28-108 1052 
36·1.4 135 38-2.8 155 38-5.6 182 38·11.2 245 36·20.9 342 36-41.7 587 38-83.4 999 
48·1.1 131 48·2.1 152 48-4.2 179 48·8.4 237 48·15.7 331 48·31.3 584 48-82.5 930 
72·.70 131 72·1.4 152 72·2.8 179 72-5.6 237 72·10.5 331 72·20.9 564 72-41.7 930 
115-.44 131 115-.87 152 115-1.8 179 115-3.5 237 115-6.6 331 115·13.1 584 115-26.1 930 
150-.34 131 150-.67 152 150-1.4 179 150-2.7 237 150-5.0 331 150-10.0 584 1511-20.0 930 
200-.25 133 200-.50 154 200-1.0 181 200-2.0 242 2011-3.8 338 2011-7.5 581 200-15.0 983 
250·.28 135 250-.40 158 250-.80 183 250-1.6 247 250-3.0 341 250-6.0 597 2511-12.0 996 
300-.17 137 300-.34 158 300-.87 185 300-1.4 252 300-2.5 347 300-5.0 813 300-10.0 1029 
400-.13 137 400-.25 158 400-.50 185 400-1.0 252 400-1.9 347 400-3.8 613 400-7.5 1029 
500-.10 142 500-.20 163 500-.40 189 500-.80 283 500-1.5 364 500-3.0 655 500-8.0 1190 
7511-.07 145 750-.14 188 750-.27 194 750-.54 269 750-1.0 380 750-2.0 682 750-4.0 1260 
1000-.05 147 10011-.18 173 1000-.20 200 1000-.40 275 1000-.75 397 1000-1.5 712 1000-3.0 1329 
V. QUANTITY DISCOUNTS 
List prices shown ore for quantities of 1 - 4. In larger quantities substantial savings can be realized. Consult Raytheon for discounts. 
All prices are F.O.B. Hooksett, New Hampshire. Local, State or Federal Taxes, if any, are 
extra. All sales are subject to Raytheon Standard Terms and Conditions of Quotation or 
Sale. Prices are subject to change without notice. Address all inquiries to your local 
Raytheon Sales Office or your Raytheon Field Sales Engineer. Prices Shown Are For 
Domestic Use Only -Export prices are available from Raytheon Company Commercial Appa· 
ratus and Systems Division International Sales Department. 1415 Boston-Providence Turnpike, 
Norwood, Mass. 
p 
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APPENDIX II 
SORENSEN "liD" SERIES POWER SUPPLIES - THE FIRST IMPORTANT 
ATTEVPT TO STANDA.ltDIZE THIS HtEVIOUSLY WHOLLY CUSTOM PRODUCT 
Sorensen Company, South Norwalk, Connecticut, 
a Subsidiary o£ Raytheon Company 
1. The Company and Product 
Sorensen was founded in 194.3 to manufacture custom transformers 
for the electronics industry. Soon afterwards the Company's efforts were 
turned to the manufacture of custom power supplies and while transformers 
for outside concerns are no longer made, Sorensen continues to make the 
transformers which are the heart of its power suppl;r products. 
By 1959 Sorensen had achieved a position of eminence in its 
field and was believed to be the second largest seller in the power sup-
ply" market. .:ial.es in 1959 were about $6 million. 
In early 1959 Sorensen was acquired by Raytheon Company in a 
move to widen Raytheon• s commercial product lines. The Company is pres-
ently operated as a separate compal\V under the close supervision of Ray-
theon 1 s Commercial Apparatus and 3,ystems Division. 
Sorensen 1 s power supply line is claimed to be the widest in the 
industry including over 400 stock items. Most of these are in the cate-
gory of laboratory equipment. They are used in electronics laboratories 
and elsewhere to provide controlled A.C. and D.c. power for experimental 
use. This stock line is generally versatile enough so that custom items 
are not required. In fact the essential nature of the laboratory supply, 
that is the ability of each model to perform a variety of jobs, permits 
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relatively easy standardization and custom building is done only for 
very unusaal applications. 
In addition to laboratory power supplies which are character-
ized by having outputs adjustable in voltage or frequency, Sorensen man-
ufactures a wide range of fixed-output sapplies which are used as 
components by electronic equipment makers in the products they manufac-
ture. 
2. The Marketing Situation 
UntiJ. the middle 19.$0' s it was an almost universal practice 
for all electronic equipment manufacturers to build the power supplies 
used in their equipment themselves. Since that time, while the majority 
of equipments still have contained supplies built by the primary" equip-
ment manufacturers, there has developed a tendency to treat the supply 
as a component and to have it built by an outsider, a specialist in the 
power supply field. This is the field in which Sorensen fixed-output 
supplies are sold. 
Sorensen has been a leader in selling the idea of component-
type fixed-output supplies built by a power supply specialist. Early in 
the development of this market it became clear that equipment designers 
were accustomed to considering the requirements of the power supply last 
among the various sections of an equipment under design. The result was 
that they designed the supply to fit the exact requirements of the equip-
ment without regard for what might have been designed and built before. 
This presented a problem to the power supply manufacturer trying to sell 
the equipment producer on buying his supplies outside. He was forced to 
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propose a supply identical at least in electrical output to that made by 
the equipment manufacturer or to suggest complete redesign o£ the pri-
mary equipment, a choice most expensive for the equipment maker. 
The component-type power supply business has been from the be-
ginning a most competitive one. A power supply, compared to other por-
tions of an electronic equipment, is considered by most engineers to be 
a relatively simple design job. The result is that a large number o£ 
small companies are willing to build component-type power supplies on a 
custom basis. They consider this a particularly attractive field because 
of the small amount of engineering talent and investment required. Be-
cause the -business is largely custom, no finished goods inventory is 
needed. 
These small concerns, with their low overhead and operating 
costs, pt"OV'ide very effective competition against the larger company 
such as Sorensen. Because the industry was entirely custom and small 
quantities of a great many di.f'ferent designs were being made, Sorensen 
found that it had little advantage over its smaller competitors. Its 
overhead was relatively high due to the size of the business and espe-
cially due to the services required by the laboratory power supply mar-
ket. In a market where short runs prevailed, Sorensen could not take 
advantage of its strength in achieving economies of quantity production. 
By 1958 it became clear that custom building was undesirable 
for Sorensen from the standpoint of profitability. Orders could be ob-
tained only at prices which were not adequately profitable. 
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3. The Standardization Effort and Its Results 
Rather than leaving the component-type power supply business 
altogether, because of its low profitability, Sorensen introduced in 1958 
the "MD" power supply" line. This line was designed to give the equipment 
manufacturer a supply which could be used with his equipment without re-
design while eliminating extensive custom power supply" designing. 
A Sorensen data sheet is included at the end of this Appendix 
to illustrate the nMD" line. Aside from the electrical and mechanical 
design features, the most important characteristic of the "MD" line is 
the "Master Chart" showing 132 standard models. This "Master Chart" is 
very s:imil.ar to the "Selection Guide11 described in Appendix I and in 
Section Six. It allows the equipment manufacturer to select a standard 
item suitable for his application and thus avoid the costs of custom de-
sign and manutacturing. For Sorensen the "Master Chart 11 method is in-
tended to lead potential customers away from custom designs and so allow 
larger quantity production with its ability to cover Sorensen• s neces-
sarily high overhead costs. By standardizing on a finite group of de-
signs Sorensen can satisfy several customers with each design and can 
eliminate continual new design costs and the stocking of myriads of com-
ponents. In addition, by eliminating design time and time for procuring 
unusual ·components, Sorensen can provide quicker delivery than even its 
most flexible competitor selling a custom product. 
The best measure of the success of the "MD" line is the ratio 
of custom variations to total sales of the line. In 1960 approximate]Jr 
three quarters of 11MD11 sales were of items taken directly from the 
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"Master Chart". The other one quarter o£ sales were of units modified 
in some vrq. Even these units, because their design is based on a 
standard style, provide lDllch of the benefit of the standard program both 
to Sorensen and to the customer. 
e LOWEST COST CONSISTENT WITH HEAVY-DUTY 
INDUSTRIAL RATINGS 
e QUICK DELIVERY ON VOLTAGES FROM 3 VDC TO 
1000 VDC 
e 7 SIZES: 50, 1 00, 200, 400, 7 50, 1 500, 
3000 WATTS 
I EXTREMELY RUGGED, CANNOT BE DAMAGED BY 
OUTPUT SHORTS 
I 19" RACK-PANEL MOUNTING FOR ALL UNITS 
I ISOLATED OUTPUT 
Sorensen Model MD Power Supplies feature con-
servatively rated magnetic-type voltage regula-
tors, full-wave silicon-diode rectifiers, plus capaci-
tive input filters. 
The magnetic regulator, compensating for line 
changes, plus the low voltage-drop in the silicon 
rectifier, gives excellent voltage regulation with 
the absolute minimum of circuit complexity. 
Improved reliability is obtained because of the 
use of silicon rectifiers which can withstand high 
temperatures. 
Model MD 11 5-6.6 
VOLT AGES FROM 3 TO 1 OOOVDC 
Sorensen can supply Model MD units with output 
voltages from 3 to 1000 VDC with power capacities 
from 50 to 3000 watts. (See master chart.) 
Models are designated by the letters "MD" fol-
lowed by the voltage and the current separated 
by a hyphen. For example, a 200-watt, 6.3-volt 
unit would be designated "MD6.3-31.8." 
Our engineers welcome the opportunity to develop 
non-catalog models for unusual requirements. 
UNSEN CONTROLLED POWER ••• THE WIDEST LINE LETS YOU MAKE THE WISEST CHOICE 
T2-A 
MASTER CHART: SORENSEN MODEL MD SUPPLIES 
Watts 50 100 200 400 750 1500 3000 
E I I I I I I I 
(*volts) (amps) Size (amps) Size (amps) Size (amps) Size (amps) Sizt (amps) Sizt (amps) S 
3.0 16.7 A 33.4 A 66.7 B 134 D 
T2-B 4.5 11.2 A 22.3 A 44.5 B 88.9 D 
6.3 8.0 A 15.9 A 31.8 B 63.5 c 120 E 239 F 
CRl 9.0 5.6 A 11.2 A 22.3 B 44.5 c 83.4 E 167 F 
12.0 4.2 A 8.4 A 16.7 B 33.4 c 62.5 E 125 F 250 
16.0 3.2 A 6.3 A 12.5 B 25.0 c 46.9 E 93.8 F 188 
21.0 2.4 A 4.8 A 9.6 B 19.1 c 35.8 D 71.5 E 143 
28.0 1.8 A 3.6 A 7.2 B 14.3 c 26.8 D 53.6 E 108 
CR2 C2 36.0 1.4 A 2.8 A 5.6 B 11.2 c 20.9 D 41.7 E 83.4 
48.0 1.1 A 2.1 A 4.2 B 8.4 c 15.7 D 31.3 E 62.5 
72.0 .70 A 1.4 A 2.8 B 5.6 c 10.5 D 20.9 E 41.7 
115 .44 A .87 A 1.8 B 3.5 c 6.6 D 13.1 E 26.1 
TYPICAL CIRCUIT SCHEMATIC-
SORENSEN MODEL MD DC POWER SUPPLIES. 
150 ,34 A .67 A 1.4 B 2.7 c 5.0 D 10.0 E 20.0 
200 .25 A .50 A 1.0 B 2.0 c 3.8 D 7.5 E 15.0 
250 .20 A .40 A .80 B 1.6 c 3.0 D 6.0 E 12.0 
300 .17 A .34 A .67 B 1.4 c 2.5 D 5.0 E 10.0 
400 .13 A .25 A .50 B 1.0 c 1.9 D 3.8 E 7.5 
500 .10 A .20 A .40 B .80 c 1.5 D 3.0 E 6.0 
750 .07 A .14 A .27 B .54 c 1.0 D 2.0 E 4.0 
1000 .05 A .10 A .20 B .40 c .75 D 1.5 E 3.0 
* Units with intermediate output voltage values are also available at slightly increased cost and delivery time 
Letter Size A B C D E F. 
Rack Height 3\/z" 5W' 7" 10Yz'' 19" 28". 
TYPICAL SPECIFICATIONS 
INPUT: 
OUTPUT: 
OUTPUT CURRENT: 
REGULATION: 
RIPPLE: 
SHORT CIRCUITS: 
CONNECTIONS: 
CONTROLS: 
AMBIENT TEMP. RANGE: 
(a) 100-130 YAC, single phase, 60 cps 
(b) Input above 1500 watts, 115 or 230 YAC, single phase, 60 cps. 
Volts-Fixed factory-set with ± 2% accuracy at nominal input and full load. 
Zero to rated amperes (see chart). 
± 1% for input line variations; load regulation is dependent upon the output voltage and power 
rating of the MD supply. Typical regulation from 50% load to full load is 2 to 10%. Additional 
data can be supplied upon request. 
1% rms; on some units 0.5% rms ripple can be supplied. 
Units will withstand output short circuits without damage to components. 
Input and output connections on rear-mounted terminal board. 
Not standard equipment on stock units; however the following optional features can be supplied 
at slight increase in price: (a) ON-OFF switch, fuse, and pilot light; (b) same as (a) plus voltmeter 
and ammeter. 
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APPENDIX Ill 
SORENSEN "QM", "QI", AND UQCn SERIES FOWER SUPPLIES - PRODUCTS NEW 
TO THE DmUSTRY, STANDARDIZED FftO:M THE TDJE OF THEIR mTRODUCTIOM 
Sorensen Company, South Norwalk, Connecticut, 
a Subsidiary of Raytheon Company 
1. The Company and Product 
Sorensen Company and its early history are described briefly 
in Appendix II. 
During the past few years Sorensen has introduced groups of 
transistorized miniature modular .A..C. and D.C. power supplies. These 
units include .A.. C. to D.C. supplies (QM), D.c. to A. C. inverters (QI) 
and D.C. to D.C. convert~rs (QC). 'While it may be that products in 
these areas existed before the Sorensen versions were introduced, 
Sorensen was the first to offer full lines of standard products. 
Modular supplies are similar in appearance to eased trans-
formers. They are mounted like transformers on the chassis of an elee-
tronic equipment. They perform the function of changing the available 
electric power from some outside source to the type of power required 
for the equipment. For example, an inverter might be included within a 
radio-telephone for use on shipboard. The inverter changes the ship• s 
32 volt D.C. to 115 volt 60 cycle .A..C. which is suitable to operate the 
equipment. 
Because space within most present-day equipment is very llm-
i ted, an important feature of the 11Qll11 , 11QI 11 and 11QC11 lines is their 
small size resulting from transistorized design. 
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At the end o£ this Appendix are data sheets describing in more 
detail the Sorensen modular power supply lines. 
2. The Marketing Situation 
The "QM" 1 "QI" and "QC" lines covered products which pr.eviousl.y' 
had been designed and built by the basic equipment manufacturer. Their 
transitorized design encompassed circuitr,r patented or at least origi-
nated by Sorensen so they were not identical to circuits used by equip-
ment manufacturers. Thus they represented a wholly new approach to 
equipment design in two respects. First, they were of modular construc-
tion, that is, they could be mounted on the equipment chassis just as 
are other components. Second, they represented a new concept to most 
equipment makers in that they were to be sold to the equipment manufac-
turer as a component as opposed to his making circuitry to perform their 
function himself. 
3. The Standardization Program and Its Results 
Because the modular supplies were to be used to power equip-
ment designed by the equipment manufacturer, it was recognized by Sorensen 
that the business could readily become largely custom. It was decided to 
attempt to avoid this and to secure the benefits of standardization by 
careful planning from the time of the introduction of' the lines. 
lfMaster Cbarts11 similar to the one developed for "MD• supplies 
(Appendix n) were drawn up. Since these products had not been offered 
before by Sorensen there was little specific information on what to base 
the standard items. However, of course, the product planners were 
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familiar from their work on other nonmodular supplies with the voltages 
and currents most often required. This data along with statistics on 
custom inquiries provided an adequate basis for the "Master Charts". 
It was decided to include not only items which it was felt would surely 
sell, but also some doubtful types. Later, after a year's selling ex-
perience it was possible to cut out types 'Which were not needed and thus 
to simplify the line. 
As a result of using the "Master Charts" Sorensen has now the 
widest line of modular supplies and although accurate statistics are not 
available, it appears likely that their sales include a large portion of 
the total sales of comparable i tem.s. Rather than making a different 
product for each customer, as do their competitors, Sorensen can supplY' 
most requirements without new design effort. This allows lower cost and 
quicker deliveries than would otherwise be po ssihle. 
INPUTS: 115 VAC, 50, 60 OR 400 CPS 
OUTPUTS: TO 36 VDC 
POWERS: 2, 4, 8, AND 15 WATTS 
• COMPACT 
• LOW COST 
• COMPLETELY TUBELESS CIRCUITRY 
• WIDE VARIETY OF OUTPUT VOLTAGES 
• HIGHLY REGULATED (±0.05% LINE AND LOAD) 
• EASY TO INSTALL 
• STARTS INSTANTLY 
• NO DAMAGE FROM MOMENTARY OVERLOADS OR 
OUTPUT SHORTS 
• RIPPLE LESS THAN 1 MILLIVOLT RMS 
• FAST RESPONSE 
Wire these fully transistorized, highly regulated miniature d-e 
supplies into the circuit like any other conventional potted 
transformer or choke, and they provide precision-regulated 
voltages up to 36 vdc. Regulation is ± 0.05% for line and load 
variations. Input power is 115 vac at 50, 60, or 400 cycles. 
These precision-regulated miniature d-e supplies are recom-
mended for applications requiring excellent regulation, ex-
tremely low ripple, fast response and maximum reliability. 
Typical suggested applications include: High stability supplies 
for a variety of transistor circuitry; regulated bias or power 
supplies for vacuum tubes; d-e heater or filament supplies in 
critical low-level audio stages; a stabilized source for d-e refer-
ence voltage and for a wide variety of critical laboratory, pro-
duction line or test equipment. 
Conservative design, with ample ratings for all components, 
insures long, trouble-free life, despite miniaturized construc-
tion. These units are rugged, not damaged by momentary over-
loads or continuous output shorts. 
Standard output voltages (see table on page 2) come in incre-
ments of approximately 14% from 3.0 volts to 36.0 volts. 
Exact specified voltages in this range may be obtained at slight 
additional charge. 
HOW TO ORDER 
Model numbers, formed from the table of ratings on page 2, 
contain all the information needed to specify the Model QM 
or DQM Supply you want. 
As an example, take the 4.4 volt 0.45 ampere 60-cycle supply 
from the chart; the model number, QM 4.4-.45, contains the 
following information: 
MODEL _.....-/Q 
Transistorized 
M 
I 
Miniature 
power supply 
4.4 
~ 
4.4 volts 
output 
.45 
-----
0.45 amps 
max. current 
The similar supply for 400 cps input is designated in exactly 
the same way except that "D" precedes the model number, 
as: DQM 4.4-.45. 
~RENSEN ••• WIDEST LINE OF CONTROLLED-POWER EQUIPMENT FOR RESEARCH AND INDUSTRY 
UNREGULATED A-C 
INPUT 
Input: 
Voltage 
Frequency 
Output: 
Voltage 
Current 
Regulation, Line and Load 
Ripple 
REGULATED D-C 
OUTPUT 
TYPICAL BLOCK DIAGRAM- SERIES QM AND DQM. 
SPECIFICATIONS 
115 vac nominal 
105 to 125 voltage range 
50/60 cps or 400 cps. 
(See "How to Order," 
front of this sheet). 
See table. D-C output voltage is 
factory set with ± 5% internal ad-
justment. 
Zero to rated maximum. See table. 
±0.05% 
I millivolt rms. 
TABLE OF STANDARD RATINGS AND SIZES 
SORENSEN MODEL QM AND DQM SERIES 
REGULATED D-C SUPPLIES 
Nominal 2 
Watts 4 8 15 
Nominal Amp SilO Amp Si1e Amp Si1e Amp Output Volts 
3.0 0.66 I 1.3 2 2.6 3 5.0 
4.4 0.45 I 0.9 2 1.8 3 3.5 
6.3 0.32 I 0.64 2 1.28 3 2.4 
9.0 0.22 I 0.44 2 0.88 3 1.7 
12.0 0.16 I 0.32 2 0.64 3 1.25 
16.0 0.13 I 0.25 2 0.50 3 0.94 
21.0 0.10 I 0.19 2 0.38 3 0.71 
28.0 0.07 I 0.14 2 0.28 3 0.53 
36.0 0.06 I 0.11 2 0.22 3 0.43 
NOTE: 
Siu 
4 
4 
3 
3 
3 
3 
3 
3 
3 
Output Impedance at 1 KC Less than 2.5 mv /amp. load Intermediate voltage and power levels or other modifications available at slightly higher cost 
Recovery Time 50 microseconds 
Overload Unit not damaged from momentary 
overloads or continuous shorts. 
Isolation Input to output isolation 
Temperature Coefficient .03% per degree C 
Maximum Ambient Temperature ooc to +50°C 
Heat Sink For continuous operation, hold base 
of power supply at + 60°C max. 
by means of heat sink or external 
cooling. 
Size See table 
A 
1 3'1!• 
2 4'1!• 
3 411/is 
4 51!ls 
B c D 
31/16 5 2% 
3''1!• 5"1!· 3'1!• 
4 6Y, 3"1!• 
4'1!• 6"1!• 41!ls 
E F G H I 
2Y, % 1% y, 8-32 
2''1!• >;;,, 3Y, y, 10-32 
3 IY, 3Y, y, 10-32 
3V.s 1% 3Y, y, l4 -20 
e LOWCOST 
e COMPACT, LIGHTWEIGHT 
• HIGH EFFICIENCY 
• WIDE VARIETY OF CURRENT CAPACITIES 
• EASY TO INSTALL 
Sorensen Model Ql transistorized inverters can provide 
up to 240 watts of 115-volt AC power from standard 
6·, 12·, or 28-volt DC sources. Output frequencies of 
either 60 or 400 cps are available with ± 5% tolerance 
with rated input and loading. The Ql inverters form an 
ideal replacement for dynamotors and vibrators in a 
wide variety of electronic and electrical equipment 
designed to operate from standard battery voltages. 
They have no moving parts to spark or wear out; they 
function with no mechanical and very little electrical 
noise; and they are smaller, lighter and more efficient 
than rotary inverters. 
These transistorized units are small but tough-they 
can't be damaged by either momentary overloads or 
continuous short-circuit of output. Conservative ratings, 
• STARTS INSTANTLY 
• NO DAMAGE FROM OVERLOADS OR 
OUTPUT SHORTS 
• NO TUBES, NO MOVING PARTS 
• LOW NOISE LEVEL 
rugged mechanical design, and careful manufacture 
insure long life at rated performance. Parts are acces-
sible for easy servicing if necessary. 
GENERAL INFORMATION 
Electrical: The units consist basically of a magnetically 
coupled transistor multivibrator with a suitable step-up 
winding on the coupling transformer to supply the out-
put voltage. The transistors act essentially as switches 
to interrupt or "chop" the DC input voltage. Circuitry 
is incorporated to protect transistors from high switch-
ing transients. 
The transformer is potted in the can. All other parts 
are accessible for easy maintenance upon removal of 
transformer can. 
6, 12 or 28 volts DC (nominal). 
65% to 85%. 
115 volts ±5%. 
Output follows input. 
20% from 20% load to full load. 
No damage occurs to unit from momentary 
overload or continuous short. 
Instantaneous. 
WEIGHTS AND DIMENSIONS 
3 3U6 3J{6 5 
4 31~6 3% 5% 3 2K6 
5 4% 4 6¥s 31J{6 3 
6 5J{6 4~6 61~6 4J{6 3~6 
60 or 400 cycles ±5%. 
Follows line change proportionally. 
Square wave into resistive load. 
Heat sink necessary for high temperature 
operation. Hold base of inverter to + 70°C. 
Can be provided with synchronizing winding 
for synchronization with external frequency 
source. 
11;4 
* 
4.25 
11;4 
* 
6.1 8 
11;4 
* 
8 10 
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• LOW COST 
• COMPACT, LIGHTWEIGHT 
e WIDE VARIETY OF OUTPUT VOLTAGES 
• EASY TO INSTALL 
e NO TUBES, NO MOVING PARTS 
Sorensen Model QC Series DC-to-DC Converters 
are an economical and efficient way to obtain 
DC power at higher voltages from standard 6-, 
12-, or 28-volt DC sources. 
Their rugged, compact construction, instan-
taneous starting, and low-noise levels recom-
mend them for incorporation into a wide variety 
of battery-powered airborne and mobile elec-
tronic equipment for both commercial and mili-
tary applications, such as radio receivers and 
transmitters, mobile telephone equipment, PA 
• STARTS INSTANTLY 
• NO DAMAGE FROM OVERLOADS 
OR OUTPUT SHORTS 
• RIPPLE LESS THAN 0.1% 
• REPLACES VIBRATORS AND DYNAMOTORS 
amplifiers, telemetering equipment, radiation 
measuring equipment and the like. 
The convenient packaged construction makes 
QC supplies as easy to apply as conventional 
potted electronic components such as trans-
formers and chokes. Standard output voltages 
come in increments of approximately 30% as-
suring a voltage within 15% of the desired 
value. Where a specific voltage is required, how-
ever, a unit with the specified voltage output can 
be delivered without added cost. 
SPECIFICATIONS 
Models for nominal input voltages of 6, 12 or 28VDC (see table). Maximum voltages are 7.5, 
16.5 and 32VDC respectively. 
a DC output voltage factory-set with ±5% setting accuracy at nominal input voltage. (See table.) 
b Current- See table. 
c Regulation-
Line-Output voltage directly proportional to input voltage changes. 
Load-10% regulation from 10% load to full load for 28V line; 
10% regulation from 20% load to full load for 6 and 12V line. 
d Ripple: 0.1% rms self-induced. 
e Overload: No damage results from momentary overloads or continuous short circuits. 
70% to 85% 
6 and 12V: -30°C to +60°C. 28V: -40°C to +70°C. (Derate for higher ambient) 
Unit starts instantaneously; no warm-up needed. 
For continuous operation, hold base of converter to +71 °C max. by using heat sink or other device. 
See table. 
See table. 
PRICES . .• See table- prices are for single units; consult representative or factory for quantity discounts. 
DELIVERY. • . From stock or within 4 weeks. 
HOW TO 
ORDER 
Model numbers, formed from the 
table of ratings and prices that 
follow, contain all the information 
needed to specify the Model QC 
supply you want. 
As an example, take the 50V, 0.3 
amp supply for 6V input; the 
model number QC6/50·0.3 con-
tains the following information: 
MODEL QC 6 / 50 - 0.3 
TRANSISTORIZED 
CONVERTER 
INPUT 
VOLTAGE 
(6VDC) 
OUTPUT 
VOLTAGE 
(50VDCl 
OUTPUT 
CURRENT 
(0.3 AMPS) 
Other models are designated in a similar manner. 
AMP PRICE SIZE AMP PRICE SIZE AMP PRICE SIZE AMP PRICE 
0.3 $65.00 1 0.6 $ 83.00 2 1.2 $ 95.00 3 $110.00 4 
0.2 65.00 1 0.4 81.00 2 0.8 93.00 3 108.00 4 
0.15 64.00 1 0.3 80.00 2 0.6 92.00 3 107.00 4 
0.115 64.00 1 0.23 80.00 2 0.46 92.00 3 107.00 4 
0.085 66.00 1 0.17 82.00 2 0.34 90.00 3 103.00 4 
0.065 70.00 1 0.13 85.00 2 0.26 92.00 3 107.00 4 
0.05 70.00 1 0.1 85.00 2 0.2 92.00 3 107.00 4 
0.037 81.00 2 0.075 96.00 3 0.15 108.00 3 123.00 4 
0.027 83.00 2 0.055 98.00 3 0.11 110.00 3 125.00 4 
0.02 85.00 2 0.04 100.00 3 0.08 112.00 3 127.00 4 
0,015 99.00 2 0.03 114.00 3 0.06 126.00 3 141.00 4 
AMP PRICE SIZE AMP PRICE SIZE AMP PRICE SIZE AMP PRICE 
1.0 $ 69.00 1 2.0 $ 83.00 2 4.0 $105.00 3 6.6 $132.00 4 
0.6 69.00 1 1.2 83.00 2 2.4 103.00 3 4.0 125.00 4 
0.4 69.00 1 0.8 81.00 2 1.6 98.00 3 2.6 120.00 4 
0.3 68.00 1 0.6 80.00 2 1.2 95.00 3 2.0 117.00 4 
0.23 68.00 1 0.46 80.00 2 0.92 90.00 3 1.54 112.00 4 
0.17 71.00 1 0.34 82.00 2 0.68 95.00 3 1.15 117.00 4 
0.13 75.00 1 0.26 85.00 2 0.52 98.00 3 0.88 120.00 4 
0.1 75.00 1 0.2 85.00 2 0.4 98.00 3 0.66 120.00 4 
0.075 86.00 2 0.15 96.00 3 0.3 109.00 3 0.5 131.00 4 
0.055 88.00 2 0.11 98.00 3 0.22 111.00 3 0.36 133.00 4 
0.04 90.00 2 0.08 100.00 3 0.16 115.00 3 0.26 137.00 4 
0.03 104.00 2 0.06 114.00 3 0.12 127.00 3 0.2 145.00 4 
AMP PRICE SIZE AMP PRICE SIZE AMP PRICE SIZE AMP PRICE 
0.5 $106.00 1.0 $125.00 2 2.0 $170.00 3 3.0 $215.00 4 
0.33 105.00 0.66 123.00 2 1.32 165.00 3 2.0 205.00 4 
0.25 103.00 0.5 122.00 2 1.0 162.00 3 1.5 199.00 4 
0.19 100.00 0.38 118.00 2 0.76 158.00 3 1.15 195.00 4 
0.15 104.00 0.3 122.00 2 0.6 162.00 3 0.9 199.00 4 
0.11 106.00 0.22 124.00 2 0.44 164.00 3 0.66 201.00 4 
0.083 106.00 0.16 124.00 2 0.32 164.00 3 0.5 201.00 4 
0.062 124.00 0.12 142.00 3 0.24 178.00 3 0.36 215.00 4 
0.045 129.00 0.09 148.00 3 0.18 188.00 3 0.27 228.00 4 
0.033 135.00 0.066 153.00 3 0.13 195.00 3 0.2 238.00 4 
0.025 149.00 0.05 178.00 3 0.1 220.00 3 0.15 253.00 4 
SIZE A 8 c D E F G H 
1 2% 2% 317(6 2Ya 1% % )1 6-32 1}(4 1){6 % 1.5 lb. 
2 3){6 2% 4% 21%'4 15%'4 % 6-32 13(4 2~2 % 2 lb. 
3 3J(6 3){6 5 2% 2Ya 11%'4 2%2 8-32 4%'4 0 )1 3.251b. 
4 3% 3% 5% 3 2% 1)i % 10-32 2~2 Ya )1 
s .§ 
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APPENDIX IV 
SOLA COMPONENT-TYPE POWER SUPPLI&> - A LDtE OBTAINED 
BY CATALOGING PRIVIOUSLY CUSTOM ITEMS 
Sola Electric Company, Chicago, illinois, 
a Subsidiary o:f Basic Products Corporation 
1. The Company and Product 
Sola has been mentioned in Appendix I as the largest producer 
o:t :ferro-resonant voltage regulators. This is the product on which most 
of the Com.pany1s business has been built. In addition, however, Sola 
of:fers a complete regulated fixed voltage D.C. power supply package for 
use as a component in electronic systems. This product, in its general 
characteristics is very similar to the Sorensen "MD11 series supplies de-
scribed in Appendix II. The Sola D. c. supply product line is sham in 
sales literature included at the end or this Appendix. 
2. The Marketing Situation 
The Sola component-type power supply line is sold in the same 
market as the Sorensen 11MD11 line and the characteristics of that market 
are treated in Appendix II. 
J. Standardization 
Although the Sola fixed-voltage D.c. power supply line includes 
products lfhich are technically practically identical with the Sorensen 
"MD" line, and although the two companies are selling in the sane market, 
the methods used by them to accomplish their sales aims are very differ-
ent. The Sorensen method, that is, concentrating on o:f:fering a wide line 
of standard ratings and limiting custom building, has been explained. 
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Sola takes the opposite approach. Their catalog does include several 
standard or stock items, but when these are examined it becomes clear 
that they have not been chosen on any logical or systematic basis. All 
stock models are within a very narrow wattage range. It seems clear 
that their standard items have been chosen not on the basis of their 
general usefulness, but rather, simply because they have been built and 
sold in large quantity in the past. It mq well be that each has been 
used only by the customer for 'Which it was originally designed, but that 
in each case his usage was large enough to make the item one of the Com-
pany's leading sellers. 
Consider the result of creating a catalog by merely describing 
specific custom designs as Sola appears to have done. The requirements 
for custom supplies are so diverse that there is very little possibility 
that extensive past usage will reliably indicate future market size. 
'lhus the catalog consists of a heterogeneous group of products once use-
ful to one customer, possibly some day useful to another, but not cover-
ing the spectrum of items required by the market. 
The standard item list provides only one useful function. It 
gives a typical example of 'lmits the manufacturer has made and to some 
extent illustrates his competence to do custom design and manufacturing. 
The statements here should not be considered a critic ism of 
Sola or its catalog. It may well be that this Comp&l\Y is not :trying to 
standardize and that custom building is their prefered method of opera-
tion. I! so, the catalog material shown :rnq be most effective. On the 
other hand, for a Company whose aim is standardization and limiting of 
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custom work, the catal.og built around past custom jobs is mst inadequate. 
The Sola catalog is shown to illustrate this point. 
SOlA ''ASSEMBLE-TO-ORDER" 
CONSTANT VOLTAGE DC POWER SUPPLIES 
A large number of Sola custom power supply designs are available on an "assemble-
to-order" basis. These cover a wide range of outputs from 1.5v de to 600v de, and 
from 1 a to 50a current rating. listed inside are 32 typical special designs. As with stock 
units, these de supplies utilize a Sola Constant Voltage Transformer, germanium recti-
fier, and high-capacitance filter. Output regulation is within ± 1% with input fluctua-
tions as great as ± 15%. Also six fixed and six adjustable output units are stocked 
for immediate delivery. Write for Sola Bulletin CV-235 for full technical information. 
This de supply, rated 55v, 3a, was 
designed with a very low chassis to 
facilitate mounting in a restricted 
space in a computyper console. 
"Tray" type de supply has a handle 
for removing or plugging into cir-
cuit. Contacts at rear of chassis au-
tomatically "plug in" to circuit when 
fray is 11 homecl" into position. 
This unit provides four outputs rated 
+10, +5, -5 and -10 volts-all 
at 2 amps. Four pi-filter sections 
reduce ripple to 0.06 rms volts. 
TYPICAL AVAILABLE 
SPECIAL DESIGNS 
Use of the 32 special designs listed in this folder will yield noticeable 
savings in delivery time - but inquiries are also invited on other 
electrical characteristics and other mechanical arrangements. Our 
special design service also covers other types of transformers, 
rectifiers and filter sections, as well as special constant voltage 
transformers, to operate into existing rectifiers and filters. 
Your inquiries are invited. 
Designed for special military appli· 
cations, this unit supplies 28v at 
50a. Silicon rectifiers are used. Un-
usually large current is provided in 
proportion to the size of the unit. 
20 
35 100-130 1.0 7% $125 
65 100-130 0.5 7% $130 
300 100-130 0.7 10 $320 
50 100-130 o.s 0.1 51.4 7% $175 200-260 
560 100-130 6,0 0.7 934 9 $310 
120 100-130 .4/1% 0.1/0.5 .514 1.() $175 
85 100-130 1.0 3!12 7% $135 
300 100-130 3.0 .10 $160 
1610 100-130 2:.0 4.0 1914 1~ $940 200-260 
125 
600 100-130 0.2 $220 
390 100-130 1.5 $150 200-260 
85 100-130 0.5 $135 
120 100-130 0.5 $135 
340 100-130 0.5 $160 200-260 
565 100-130 1.(1 0.5 $250 200-260 
260 100-130 0.3 $160 
790 200-260 0.5 $300 
150 100-130 0.15 0.5 $140 
1175 100-130 1.0 $375 
590 100-130 0.3 $300 
85 100-130 0.2 $135 
390 100-130 0.3 $200 200-260 
750 100-130 0.5 $250 
840 200-260 0.5 $300 
860 
940 200-260 0.5 $285 
115 190-250 0.1 $195 0.2 
1670 100-130 0.7 $500 
1160 100-130 0.5 $650 
710 105-125 0.5 $450 
*All outputs regulated within ::!::::1°/o for indicated input rating. 
**Designs are assembled on ehossis for mounting on standard 19 inch relay rack. Special mountings can b~ provided. 
Sola products 
41fMM9' LtU!¢ 
TRANSFORMERS 
~ 
BALLAS'I'S 
~~ 
TRANSFORM.RS 
~~ 
DC POWER SUPPLIES 
call any of these offices for prompt service 
ATLANTA 9, Georgia 
James Millar Associates 
1036 Peachtree St. NE 
TRinity 6.()919 
BOSTON, Massachusetts 
Solo Electric Co. 
272 Centro St. 
Newton 58, Mass. 
Bigelow 4-3354 
BUFFALO 3, New York 
R. W. Mitscher 
487 Ellicot Square Bldg. 
Washington 2517 
CHARLOTTE 2, North Carolina 
Ranson, Wallace & Co. 
1161'1 E. Fourth Street 
EDison 4·4244 
CHICAGO 50, Illinois 
Sola Electric Co. 
4633 W. 16th St. 
Bishop 2-1414 
DALLAS 1, Texas 
Robert E. Nesbitt Co. 
1925 Cedar Springs 
Riverside 7-5824 
DENVER 4, Colorado 
Slaybaugh & Thompson 
100 W. 13th Avenue 
AComa 2-5826 
HOUSTON 24, Texas 
Mr. Ray M. Hilton 
4810 Hazzard 
JAckson 8-3B11 
KANSAS CITY 2, Missouri 
Sola Electric Co. 
406 West 34th Street 
Jefferson 4382 
IN CANADA 
Sola Electric (Canada) Ltd. 
Toronto 18, Ontario 
LOS ANGELES 23, California 
Sola Electric Co. 
3138 E. Olympic Boulevard 
ANgelus 9-9431 
MINNEAPOLIS 3, Minnesota 
The Heimann Co. 
1711 Hawthorne Ave. 
FEderal 2-5457 
NEW HAVEN, Connecticut 
Sola Electric Co. 
173 Orange Street 
LOcust 2-1867 
NEW YORK 35, New York 
Sola Electric Co. 
1 03 East 125th Street 
TRafalgar 6-6464 
IN AFRICA 
CLEVELAND 16, Ohio 
Sola Electric Co. 
19115 Detroit Road 
EDison 3-2223 
24 Canmotor Ave., Clifford 1-1147 
Sola Electric (S.A.) (Ply.) Ltd. 
P .0. Box 3491 
Johannesburg, South Africa 
I SOLA IBP 
PHILADELPHIA, Pennsylvania 
Sola Electric Co. 
210 N. Sixth St. 
Camden 3, New Jersey 
WAlnut 2-5340 
PHOENIX, Arizona 
Mr. Harry A. Moore 
305 East Indian School Rd. 
CRestwoll 4.()060 
PlnSBURGH 18, Pennsylvania 
Burke Electrical Equipment Co. 
416 Maple Avenue 
PEnhurst 1-5357 
PORTLAND 1 0, Oregon 
Marshall B. James 
2941 NW Quimby St. 
Broadway 5004 
SAN FRANCISCO 24, California 
Sola Electric Co. 
1485 Bayshore Blvd. 
City-JUniper 7-7040 
Subr.-ENtorprise 1-1947 
SEATTLE 4, Washington 
Northwestern Agencies 
4130 Fint Avenue, South 
Eliot 8822 
SOLAELECTRIC CO.Icl~l A Division of Basic Products Corporation 
.d.Fi33 West 16th Street Chica~:~o 50, Illinois Telephone Bishop 2-1414 Cable Address •solec" 
SOLA ELECTRIC CO. 
4833 West 18th St. 
Chicago 50, Ill. 
Phone Bishop 2·1414 
Cable SOLEC, Chicago 
One of six standard designs now available from stock. 
This supply, rated 125 volts, 2.0 amperes is assembled 
on a standard, 19" relay rack chassis only 5V4" high. 
Sola Constant Voltage DC Povver Supplies 
... combining Sola Constant Voltage Transformer, 
germanium power rectifier, and high-capacitance filter 
for compact size, low weight, and many other important advantages. 
Compact size and low weight in proportion to power 
output are prime features of Sola's Constant Voltage 
DC Power Supply. Along with this go unusual short-
time or transient overload capacity without oversize 
components; and exceedingly good load regulation over 
the entire operating range. 
Other important characteristics and features combine 
to bring users this impressive list of advantages: 
1. Output regulation of ±1% or less with ±10% line 
voltage variations. 
2. Minimum output voltage change with wide, rapid 
load changes. 
3. Low input power, with resultant good efficiency. 
4. Ability to withstand high, short-time overloads 
without damage to components. 
5. Ripple voltage of approximately 1% (rms) or less. 
6. High overall economy by eliminating overload ca-
pacity needed in other types of power supplies for 
certain applications. 
7. Low ratio of size and weight to power output. 
8. Freedom from routine adjustment and mainte-
nance problems due to absence of any moving or 
expendable parts. 
9. Exceedingly low output impedance. 
2 
All these advantages are secured from a single, simplE 
assembly by utilizing a combination of component! 
unique in the de power supply field: 
INPUT 
• a Sola Constant Voltage Transformer 
• a germanium power rectifier 
• a high-capacitance filter without choke 
GERMANIUM 
BRIDGE RECT. 
Schematic diagram of a typical unit. 
:n addition to its important function of correcting line 
roltage variations, the Sola CV's inherent current-lim-
ting action permits safe, economical use of the efficient 
rermanium rectifier with its low forward voltage drop 
md other advantages. This same current-limiting action 
tlso permits use of high-capacitance filter sections by 
:ontrolling excessive charging currents which might 
lamage rectifier junctions. The high-capacitance filter 
rields very low ripple voltage without need for heavy, 
mlky choke components, with their substantial and 
•ften-varying load voltage drops. 
Further technical detail on the interrelated and mu-
ually-supporting characteristics of these components 
md the way they act together under a variety of service 
:onditions is given on pages 6, 7, and 8. 
APPLICATIONS 
The notable, overall voltage stability and the high-
hort-time overload capacity of the Sola CV DC Power 
)upply make it specially desirable for devices which 
nust provide positive, reliable operation under adverse 
ine voltage or load conditions. An important example 
s the de solenoids and relays found in most digital com-
mters. The inrush currents of these components result 
n momentary, wide fluctuations in load, which in turn 
rtay damage ordinary power supply components. Sud-
len load peaks may produce bad voltage drops at times 
~hen line voltage is already low. Under such conditions, 
n ordinary power supply may be completely unable 
o operate its load. 
Other special fields include those where a closely-
egulated de supply voltage is essential; those where 
pace and weight are at a premium; and those where 
emote installation would make adjustment and serv-
~ing difficult or costly. Some examples: 
Telemetering operations such as ticket reservation 
systems 
DC field control for variable-speed industrial motor 
drives 
Telephone switching equipment 
'xceptional power output in proportion to size and weight 
F Sola DC Supplies is easily visualized in this special design 
hich provides 47 volts at 2.0 amperes from a 19" chassis 
-tly 3*" high. 
Standard 68'' relay rack carrying a total of eleven Sola de 
supplies. Combined power ratinR is 2978va - a dramatic 
example of the space-saving compactness of Sola design. 
3 
Even where none of these exacting service conditions 
prevail, the "Sola CV" DC Supply may still be the most 
economical choice for any de current requirement in the 
general region of one-quarter ampere and up. 
AVAILABLE STOCK RATINGS 
At present, Sola Constant Voltage DC Power Sup-
plies are offered in six stock ratings ranging from 24 
volts at six amperes to 250 volts at one ampere. A list of 
these designs, with essential electrical specifications, ap-
pears on page 5. A typical assembly with principal com-
ponents labeled is shown on page 2. 
Mechanical Features 
Each unit is assembled on a chassis for standard relay 
rack mounting. Dimensions are given on page 5. Chasses 
are finished in cadmium plate with a protective iridite 
coating, and are provided with ventilating holes. 
Input and output connections are made at a terminal 
strip mounted at one end of the chassis. All electrical 
circuits and terminals are insulated from ground, per-
mitting operation at either polarity. 
Higher Capacity by Multiple Oper9tion 
Where capacities beyond those of the six stock sizes 
are needed promptly, it is perfectly feasible to employ 
multiple operation of the stock ratings. However, the 
units should be ordered from the factory as a matched set. 
Parallel or Three-Phase Operation 
At present it is desirable to meet higher current re-
quirements by paralleling two or three stock units. Tests 
have proved that such a parallel bank has substantially 
as good performance as the individual supplies. Similar 
tests have also established the feasibility of connecting 
inputs of three assemblies to a three-phase line, and 
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~egulated DC power supply for transistor opera-
twn offers one good example of extent to which 
tfl:e c;v transformer-germanium rectifier com-
bmatwn may be modified to meet users' needs. 
This unit provides four separate outputs rated 
+10, +5, -5 and -10 volts-all at 2.0 amps. Four 
separate pi-filter sections reduce ripple to 0.06 
rms volts. Bottom view of chassis shows compact 
arranQement of filter chokes and transformer 
capacltor. 
operation of their secondaries in parallel. 
Series Operation 
Connection of ouputs in series has been tested and 
proved to be a practical method for securing highe1 
output voltage. 
SPECIAL DESIGN AND ASSEMBLY SERVICE 
In addition to the six stock sizes already discussed, 
Sola has designed over 100 special ratings to meet thE 
special requirements of equipment manufacturers. A lis1 
of over 30 of the most useful ratings is available on re-
quest. Use of one of these available designs may yield 
appreciable savings in delivery time; but inquiries an 
also invited on other electrical characteristics and othe1 
mechanical arrangements. Our special design servicE 
also covers other types of transformers, rectifiers, anc 
filter sections, as well as special constant voltage trans-
formers to operate into existing rectifiers and filters. 
At present, Sola is designing successful supplies oJ 
these general types in ratings over 25 amperes and UJ: 
to 400 volts. Experimental work is underway on silicor 
rectifiers of current ratings between 25 and 50 ampere! 
for operation in the higher ambient temperatures. When 
necessary to handle heavy transient loads, filter capaci-
tor banks of up to 100,000 mfd. had been tested anc 
found to be feasible. (In fact, there appeared to be nc 
limit to filter capacitor rating other than physical size.) 
Special mounting problems of equipment manufac-
turers can be met by designing special chasses or mount-
ing plates. Several typical examples are shown in ad-
jacent illustrations. 
Your nearest district sales engineer or representativE 
will be glad to call on you to discugs your requirement! 
in detail, and to secure a factory estimate or quotatior 
for you. 
PECIFICATIONS 
81024 28156 $145 
81048 28120 135 
81125 28152 55 145 
81150 28106 50 145 
81200 28193 140 
' REQUESTING FURTHER INFORMATION OR ESTIMATE ON A 
0 ECIAL DESIGN TO MEET YOUR REQUIREMENTS, 
WDLY COVER ALL THE PERTINENT POINTS LISTED HERE: 
De output, volts, amperes. 
Power line voltage, frequency. 
Maximum tolerable ripple voltage in output. 
Nature of proposed load device( s); probable 
range of load variations; number and speed of 
possible transient or pulse loads. 
5. Expected ambient temperature range in instal-
lation. 
6. Nature of mounting desired; any limitations on 
mounting space. 
7. Other special features, operating conditions, etc. 
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THE SOLA CONSTANT VOLTAGE DC POWER SUPPLY 
-Combining a Sola CV Transformer, a Germanium power rectifier, and a High-capacitance filter 
Theory ol Operation 
a brief technical discussion of the special advantages of its components 
and their mutually-supporting and protecting action 
in delivering outstanding performance with high economy. 
As pointed out in the general discussion on pages 2 
and 3 of this bulletin, the many unusual advantages 
of this device depend on a close interrelation of both 
the advantages and disadvantages of its three essential 
components. How they complement each other in de-
livering such high electrical performance with such low 
size, weight, and cost is worth examining in some detail. 
Both the germanium rectifier and the high-capaci-
tance filter section have highly-desirable characteristics 
in their own rights; but they also have disadvantages. 
The peculiar advantage of the Sola CV Transformer is 
its ability to make the most of these advantages, while 
minimizing, or protecting against the disadvantages.* 
Specifically: 
(a) The transformer, as modified for this special duty, 
has an output wave shape that is nearly square (form 
factor approx. 1.05). See Fig. 1. This advantageous fea-
ture permits highly-conservative loading of the rectifier. 
(b) The constant-voltage transformer provides ac 
input to the rectifier regulated within ±1% with line 
voltage variations of as much as ±15%. Thus, fullest 
advantage may be taken of the high volts-per-junction 
rating of the rectifier, and the maximum rating of capac-
itor units, without fear these will be exceeded under 
unusual conditions. 
Fig. 1. Oscillogram showing ac output of transformer (input 
to rectifier) at full load. Note nearly-square wave shape, 
allowing more economical use of rectifier capacity. 
''' The theory of design and operation of the Sola Constant Voltage Trans· 
former is discussed briefly in Cat. Bull. No. CV-200; and at some length 
in Tech. Bull. No. CV·210. Copies available on request. 
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Fig. 2. Typical power supply assembly of about the sam. 
rating as described in adjacent text. 
(c) The germanium rectifier has the lowest volta~ 
drop of any rectifier within the range of ratings und1 
discussion. This arises from the amazingly-low volta~ 
drop per junction (average about seven-tenths volts f< 
the ratings here considered.) However, the rectifi1 
junctions are subject to damage by currents that excee 
their peak rating. The current-limiting feature of U 
Sola Constant Voltage Transformer eliminates sue 
danger without handicapping the useful overload capa 
ity of the assembly, as discussed later. 
(d) Use of high-capacitance filters offers the decidE 
advantage that they constitute an "energy reservoir" f< 
meeting short transient loads, and thus eliminate U 
need for extra load capacity in the rectifier. In this r' 
spect their action is somewhat analogous to the "floatin 
storage battery" relation in telephony work. They al! 
reduce ripple voltage to less than 1%. Another usef1 
by-product of the energy storage capacity is a certai 
amount of "flywheel" effect. It has been found that sorr 
of these filter sections can sustain acceptable loa 
operation during line voltage interruptions of 20 cyclE 
or more. 
However, such a large capacitor needs a' curren 
limiting device like the Sola Constant Voltage Tran1 
former to prevent its drawing damaging capacitor char1 
ing current. (These points are covered in more deta 
further on.) 
(e) The high-capacitance filter also eliminates the 
sual filter choke which - on relatively high-voltage, 
igh-current power packs - introduces additional load 
~gulation, as well as objectionable size and weight . 
.fodem electrolytic capacitor units of the type used for 
1is duty are the new etched-foil construction which 
re highly reliable. 
In case of a fault or short beyond the transformer 
rimary, the current-limiting effect of the Sola CV also 
rovides protection to itself, the rectifier, the filter and 
1e load. No fusing is required beyond the primary of 
1e transformer. 
The assembly pictured in Figure 2 provides one excel-
!nt example of the designs which the Sola Electric 
~ompany has worked out to meet exacting requirements 
)r de power supply for computer circuits. A schematic 
iagram is shown in Figure 3, which also gives the rating 
f the components. 
It:; output serves a steady-state load of about two to 
mr amperes but - in addition - it is capable of oper-
~ing a large number of de relays and solenoids with 
1stantaneous functions, and calling for power on sub-
antially a "pulse" basis. Whenever line voltage departs 
urn nominal, 115-volt value- or the continuous load 
111ings in either direction - or especially when a relay 
r solenoid calls for a "pulse" of current - the special 
bilities of this assembly go into action: 
(a) If line voltage varies, the voltage-regulating action 
r the Sola CV Transformer automatically and contin-
lusly holds the voltage fed to the rectifier to within 
1% or less. 
(b) If the load varies within the normal, 4-ampere 
lwer rating of the supply, the change in de output 
>ltage will be very small, due to the exceptionally low 
GERMANIUM 
BRIDGE RECT. 
STYLE NO. 
4JA211AB1AB2 
g. 3. Schematic diagram of assembly shown in Fig. 2. 
1ad regulation of the germanium power rectifier, and 
1e absence of a series filter choke. 
(c) When the short-time demand exceeds the maxi-
D C L 0 A D AMPERES 
Fig. 4. Unusually-close load regulation combines with line 
voltage correction to yield outstanding overall voltage 
stability. Chart shows output voltage test of a typical unit 
at various loads and supply line voltages. 
mum rated current, the inherent, current-limiting action 
of the Sola CV prevents much more than that amount 
from being drawn through the rectifier. On the other 
hand, the full charge in the 16,000 mfd. filter capacitor 
bank is available to serve the transient load; and, be-
cause of the now relatively-lower impedance of its cir-
cuit, it proceeds to supply a substantial portion of the 
total, instantaneous load. No excessive current can be 
drawn through the heat-sensitive germanium junctions. 
It is this important relation between the Sola regulating 
transformer, rectifier, and filter which permits the ideal 
use of a relatively small, economical rectifier without 
damage. 
(d) Whenever the capacitor bank is largely dis-
charged by heavy load current demand, its high capac-
ity would ordinarily call for excessively-large charging 
0 3 4 6 
DC LOAD- AMPERES 
Fig. 5. Curve showing output voltage of a typical assembly 
at vari~us normal and overload currents. Note very flat 
regulatwn between 25 and 100% of rated load; and rapid 
drop to zero beyond - a dramatic evidence of the trans-
former's current-limiting effect. 
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current. Here again, the current-limiting effect of the 
Sola CV takes effect to hold the charging current to a 
value which can be tolerated by the rectifier junctions. 
A complete re-charge is stretched out over an appreci-
able interval. 
Similar protection is afforded when the assembly is 
first turned on. An ordinary transformer would proceed 
to supply excessively-high charging current to the ca-
pacitor at the moment the power was turned on, and 
such current surges would certainly damage the rectifier. 
However, the Sola CV in this assembly limits this initial 
charging current to a safe value. 
Another example of special design to meet an equipment 
manufacturer's problems. This unit, rated 55v, 3a, was pro-
vided with very low chassis for mounting in restricted space 
within a computer console. 
NEW ADJUSTABLE, REGULATED 
DC POWER SUPPL~ THE 
"DC SOLAVOLT" 
gives all advantages of the 
Sola DC Supply design PLUS 
AN OUTPUT ADJUSTABLE 
OVER A CONSIDERABLE 
RANGE. Ask for advance cir-
cular covering six stock ratings. 
SOLA CONSTANT VOLTAGE PRINCIPLE 
ADAPTABLE TO MANY OTHER CRITICAL 
VOLTAGE PROBLEMS 
The modification of the Sola CV Transformer dis-
cussed in this article is only one of hundreds of stock 
and special designs which are available for voltage 
stabilization of sensitive electric and electronic circuits. 
Write on your business letterhead for descriptive 
literature. 
A typical DC Solavolt with output 
adjustable from 150 to 250 volts and 
current output of 1-1.5 amps. 
Same unit with handle assemblies 
removed. Front panel is drilled 
for mounting on standard, 19" 
relay rack. 
SOLA 
SOLA ELECTRIC CO. 
A Division of Basic Products Corp. 
4633 West 16th St. • Chicago 50, Ill. 
Phone Bishop 2-1414 • Cable SOLEC, Chicago 
BULLETIN CV-235 (SOL-56-404, 3-56-20M) PRINTED IN U.S.A 
APPENDIX V 
SPERRY TUNNEL DIODES - A. CATALOG DESIGNED 
TO FRODUCE MARKET INlroltMA.TION 
Sperry Semiconductor Division, Sperry Rand 
Corporation, Norwalk, Connecticut 
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Sperry is one of the smaller producers among the hundreds in 
the fast-growing semiconductor field. Generally the Company concentrates 
on smaller volume, more exotic types. 
Sperrywas one of the first manufacturers to offer a tunnel 
diode after this particular type of semiconductor device was introduced 
to the industry. Since the tunnel diode was even newer to circuit de-
signers than to the semiconductor manufacturers, the ways of using it 
and specific parameters which would prove most useful to the circuit de-
signers were u.nknown. 
The sales literature appearing at the end of this Appendix was 
designed as a means of determining the most desirable characteristics, 
those l*>St useful in electronic circuitry-. The means of obtaining this 
information was simple. Sperry Plblished a data sheet show:in.g what char-
acteristics were possible in what combinations. A.ddi tionally the data 
sheet showed the effect on price of varying the characteristics. In 
this way an engineer who was co:asidering using a tunnel diode could se-
lect the characteristics he needed with due consideration to extra cost 
of small improvements and could order the required unit. 
Receiving the order, Sperry was in a position both to manufac-
ture and sell the required product and also to retain the specified 
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characteristics for correlation with other orders. Later a standard or 
stock line could be built around the data collected. 
·There is some relation between the method of determining what 
items to make standard as used hare by Spercy- and that described in Appen-
dix IV used by Sola. Sola apparently used custom models as a basis for 
decisions on what standard items to offer. Similarly Sperry asked cus-
tomers to specify at will and eventually wlll standardize on the basis 
of their specifications. 
The important difference is in the way the data is used. It is 
entirely appropriate to do as both companies have done and use custom 
models as a basis for a stock line. llonver, true standardization will 
be obtained only if the follow.Lng steps are taken in the use of the data: 
1. Get enough data to truly represent the desired 
share of the market. 
2. Having found what the market wants, specify 
enough standard items to actually serve 
most of that market. 
It appears that the Sola standard items are not representative 
of the whole market and there surely are not enough of them to serve 
most of the market. It is entirely possible on the other hand that when 
O>J>erry has obtained enough orders basad on the accompanying data sheet, 
they will be able to do an excellent standardization job on this basis. 
In Section Six on the "Selection Guide" and elsewhere in this 
paper various favorable characteristics of standard item sales literature 
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have been mentioned. It is interesting to notice how many good features 
are present in the Sperry sheet. 
1. The customer is given complete information on 
the product. 
2. Price information is provided. 
3. A logical part JlUlli>ering qstem is included to 
avoid ambiguities and speed communication. 
4. It is made very easy to place an order without 
.further communication. 
It appears that the next logical step, if standardization is 
to be obtained, is to replace this sheet with one showing the technical 
characteristics in finite steps, thus limiting the nmnber of choices and 
providing a group of standard items. 
~2 6 7 8 9 10 
Physical 
Characteristics 
D 
D 
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I have issued a requisition for --c-:c--
quantity 
Sperry tunnel diodes (Part #---> at 
$ __ each. Contact our purchasing de· 
partment for formal order. 
Please send confirming quote for---:-:--
qu.,nti(Y 
Sperry tunnel diodes (Part # ____ ) at 
$-- each. Send to _______ _ 
Have your sales rep. call to discuss my exact tunnel diode requirements. 
Add me to your special tunnel diode mailing list to receive latest speci· 
ficatiOns, prices, applications data, etc . 
. FROM ... Name Title ____ _ 
Company ____ _ 
Address ______________________ _ 
City ____ _ _ ______ Zone ___ State ___ _ 
BUSINESS REPLY CARD 
No Postage Needed if Mailed in the United States 
Department TD-1 
TUNNEL 
DIODES 
WRITE THE SPEC 
SET THE PRICE 
-
MANUFACTURES 
TUNNEL DIODES 
TO YOUR ORDER FOR 
IMMEDIATE DELIVERY! 
FIRST CLASS 
Permit No. 13 
South Norwalk, 
Conn. 
Sperry Semiconductor Division 
Sperry Rand Corporation 
Wilson Avenue 
South Norwalk, Conn. 
APPENDIX VI 
DERIVATION OF P!OPORTION OF TOTAL ELECTRONIC 
COMPONENTS BUSINESS DONE BY ~tWJ.ER FIRMS 
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The following data is from the United States Department of' 
Commerce's 19.58 Census of' Yanutacturers. 2 
The electronic components industry is comprised of' four Stand-
ard Industrial Classifications as defined by the Department of Connnerce. 
s.r.c. No. 
3671 
3672 
3673 
3679 
Name of Classification 
Electron Tubas, receiving type 
Cathode r~ picture tubes 
Electron tubes, transmitting 
Electronic components, not 
elsewhere classified 
These classifications are explained in detail in the publica-
tion referenced above. The first three, 3671, 3672, and 3673 are all 
classes of tubes and are quite different in marketing characteristics 
from 3679. First, the former are relatively old, very well established 
fields. Second, they are fields requiring large amounts of capital to 
provide tnanll!acturing facilities. On the other hand, S.I.C. No. 3679 
which includes all of the nontube products, has opposite characteristics. 
TJlat is, the bulk of these products are in relatively new fields such as 
semiconductors, and require I1111Ch less capital to begin manufacturing. It 
is not surprising, considering the criteria for applicability of stand-
ardization developed in Section TWo, that while tubes have been well 
standardized, the other components mostly have not. Since this paper is 
concerned primarily with advancing standardization in areas where it is 
not prevalent, s.r.c. No. 3679 is the category of primary interest. For 
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this reason, in determining the proportion of the business done by small-
er firms, only s.r.c. No. 3679 is of interest. 
Calculation of Proportion of Business Done by Smaller Firms in 
S.I.C. No. 3679: 
Total Number of Establishments: 
Total Number of Establishments 
having less than $00 employees: 
1479 
1428 
'lhus, m~ or 96.5% ot the firms in this classification 
have less than $00 employees 
Total Sales of all Establishments: 
Total Sales of Establishments 
having less than 500 employees 
$1,445,684,000 
$676,771,000 
'lhus, $876,77l,OOO or 66.5% of total sales of firms in $l,Wi5,684,ooo this classification were made by 
concerns having less than 500 
employees 
For the sake o£ comparison, the following similar calcula-
tions are based on the total electronic components industr,r, 3.I.C. 
Nos. 3671, 3672, 3673 and 3679. 
Total Number of Establishments: 
Total Number o£ EstabliShments 
having less than 500 employees: 
1687 
1596 
Thus' }g~~ or 94.6% of the firms in the industry have less 
than 500 employees 
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Total Sales of all Establishments: $2,445,9.36,000 
Total Sales of Establishments 
having less than 500 employees: $970,00),000 
Thus, $910,003,000 d $2 Lli5 936 000 or 39. 7,o o£ total sales of the 1 1 
' industry were made b7 companies 
having less than 500 employees 
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